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228834

EXPANDABLE CONNECTOR
Background of the Invention

This invention relates generally to expandable connectors and in particular to
wellbore casings that are formed using expandable connector:s.

Conventionally, when a wellbore is created, a number: of casings are installed in
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow
of drilling fluid into the formation or inflow of fluid from the formation into the
borehole. The borehole is drilled in intervals whereby a casihg which is to be installed
in a lower borehole interval is lowered through a previously installed casing of an
upper borehole intervél. As a consequence of this procedure the casing of the lower
interval is of smaller diameter than the casing of thg upper ititerval. Thus, the casings
are in a nested arrangement with casing diameters decreasing in downward direction.
Cement annuli are provided between the outer surfaces of th; casings and the borehole
wall to seal the casings from the borehole wall. As a conseqilence of this nested
arrangement a relatively large borehole diameter is required at the upper part of the
wellbore. Such a large borehole diameter involves increased costs due to heavy casing
handling equipment, large drill bits and increased volumes o:f drilling fluid and drill
cuttings. Moreover, increased drilling rig time is involved dfue to required cement
pumping, cement hardening, required equipment changes du:e to large variations in
hole diameters drilled in the course of the well, and the large volume of cuttings drilled
and removed.

Conventionally, at the surface end of the wellbore, a iwellhcad is formed that
typically includes a surface casing, a number of production and/or drilling spools,
valving, and a Christmas tree. Typically the wellhead further includes a concentric
arrangement of casings includfng a production casing and one or more intermediate

casings. The casings are typically supported using load bearing slips positioned above

the ground. The conventional design and construction of wellheads is expensive and

complex.
Conventionally, a welibore casing cannot be formed during the drilling of a

wellbore. Typically, the wellbore is drilled and then a wellbore casing is
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formed in the newly drilled section of the wellbore. This delays the completion of a
well.
The present invention is directed to overcoming one or more of the limitations

of the existing procedures for forming wellbores and wellheads.

Summary of the Invention

According to the present invention there is provided a seal mechanism for a
radially expandable connection assembly comprising;:

a pin member; :

a box member adapted to telescopically receive the pin member to form an
overlapping annular area between the pin and box m;embers;

an annular groove carried by one of the pin member or the box member within
the overlapping area, the groove defining an annular volume within the overlapping
area; and

an annular, deformable seal component carried in the annular groove, the
deformable seal component occupying less than all 6f the annular volume of the
groove before a radial expansion of the connection and occupying a greater percentage
of the annular volume following the radial expansioﬁ of the connection assembly to
form a seal in the overlapping area. :

Preferably, the seal component expands at ieast about 20 percent in the axial
direction within the annular area during the radial expansion.

Preferably, the radial expansion of the connection comprises installing the pin
member in a borehole, injecting a fluidic material in the borehole, and radially
expanding and plastically deforming the pin member in the borehole by extruding the
pin member off of a mandrel. ’ o

Preferably, the radial expansion of the connection comprises installing the box
member in a borehole, injecting a fluidic material in the borehole, and radially
expanding and plastically deforming the box member in the borehole by extruding the
box member off of a mandrel. '

Preferably, the deformable seal component comprises two o-rings, the o-rings

disposed within the annular groove.
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Preferably, the deformable seal component comprises a first and a second 0-
ring, the first o-ring disposed within the annular groove, and the second o-ring
disposed within a second groove formed in the pin member or the box member,
wherein the annular groove is axially separated from the second groove.

Preferably, radial expansion of the connection further comprises placing an
expansion apparatus within at least one of the pin and box members, the expansion
apparatus comprising a support member, 2 mandrel, and a shoe.

Preferably, the mandrel comprises an expandable mandrel.

Preferably, the mandrel is drillable.

Preferably, the shoe comprises an interior portion, wherein the interior portion
of the shoe is drillable.

Preferably, lubricating at least one of an outer surface of the mandrel, an inner.
surface of the pin member, and an inner surface of the box member.

Preferably, placing an annular body of a curablé fluidic sealing material
between the pin member and a borehole. |

Preferably, an annular body of a curable fluidic sealing material is placed
between the box member and a borehole. |

Preferably, the deformable seal component comprises a material selected from
the group consisting of rubber, plastic, metal and epoxy.

Preferably, the pin member comprises a first inner diameter, and the box
member comprises a second inner diameter, wherein the first inner diameter is
substantially equal to the second inner diameter.

Preferably, the pin member comprises at least one thin wall section and a thick
wall section. '

Preferably, the box member comprises at least one thin wall section and a thick
wall section.

Preferably, the radial expansion of the connection comprises placing a mandrel
within the pin member, pressurizing an annular region within the pin member, and
displacing the mandrel with respect to the pin member.

Preferably, the mandrel comprises a conical surface having an angle of attack

ranging from about 10 to 30 degrees.
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Preferably, the radial expansion of the conne?:ﬁon comprises placing a mandrel
within the box member, pressurizing an annular re;gion within the box member, and
displacing the mandrel with respect to the box member.

Preferably, the mandrel comprises a conicalfsurface having an angle of attack
ranging from about 10 to 30 degrees.

Preferably, the pin and box members are. placed in a borehole, having a
substantially constant internal diameter. |

Preferably, the pin and box members compn'sé a pin and box connection,
wherein the pin and box connection is expandable.

Preferably, the deformable seal component i:s positioned within the pin and box
connection within the annular area.

Preferably, the pin and box connection further comprises one or more male
threads for engaging one or more female threads.

Preferably, the pin and box connection comprises one or more male threads for
engaging one or more female threads; and wherein £l1e annular groove is disposed
between the male threads or the female threads.

Preferably, at least one of an outer surface of the mandrel and an inner surface
of the pin member is lubricated. |

Preferably, at least one of an outer surface (i)f the mandrel and an inner surface

of the box member is lubricated.

Brief Description of the i)rawings

For a better understanding of the present invention, and to show more clearly
how it may be carried into effect, reference will now be made, by way of example, to
the accompanying drawings, iI:l which:-

FIG. | is a fragmentary cross-sectional view illustrating the drilling of a new
section of a well borehole.

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an
apparatus for creating a casing within the new section of the well borehole.

FIG. 3 is a fragmentary cross-sectional vie\{/ illustrating the injection of a first

quantity of a fluidic material into the new section df the well borehole.
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FIG. 3a is another fragmentary cross-sectional view illustrating the injection of
a first quantity of a hardenable fluidic sealing material into the new section of the well
borehole. |

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a
second quantity of a fluidic material into the new section of the well borehole.

FIG. 5 is a fragmentary cross-sectional view illustratiné the drilling out of a
portion of the cured hardenable fluidic sealing material from the new section of the
well borehole.

FIG. 6 is a cross-sectional view of the overlapping joini between adjacent
tubular members.

FIG. 7 is a fragmentary cross-sectional view the apparatus for creating a casing
within a well borehole.

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an
expanded tubular member within another tubular member.

FIG. 9 is a cross-sectional illustration of an apparatus for forming a casing
including a drillable mandrel and shoe.

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9.

FIG. 9b is another cross-sectional illustration of the aﬁparatus of FIG. 9.

FIG. 9¢ is another cross-sectional illustration of the apparatus of FIG. 9.

FIG. 10a is a cross-sectional illustration of a wellbore :including a pair of
adjacent overlapping casings.

FIG. 10b is a cross-sectional illustration of an apparatus and method for
creating a tie-back liner using an expandable tubular member.

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing
material into the annular region between the tubular member and the existing casing.

FIG. 10d is a cross-sectional illustration of the pressurizing of the interior of the
tubular member below the mandrel. |

FIG. 10e is a cross-sectional illustration of the extrusion of the tubular member
off of the mandrel.

FIG. 10f is a cross-sectional illustration of the tie-back lner before drilling out

the shoe and packer.
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FIG. 10g is a cross-sectional illustration of the completed tie-back liner created
using an expandable tubular member.

FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of a new
section of a well borehole.

FIG. 11b is a fragmentary cross-sectional view illustrating the placement of an
apparatus for hanging a tubular liner within the new section of the well borehole.

FIG. 11c is a fragmentary cross-sectional view illustrating the injection of a
first quantity of a hardenable fluidic sealing material into the new section of the well
borehole. i _

FIG. 11d is a fragmentary cross-sectional view illustrating the introduction of a
wiper dart into the new section of the well borehole.

FIG. 11e is a fragmentary cross-sectional view illustrating the injection of a
second quantity of a hardenable fluidic sealing matci'ial into the new section of the
well borehole. |

FIG. 11f is a fragmentary cross-sectional view illustrating the completion of the
tubular liner. . -

FIG. 12 is a cross-sectional illustration of a wellhead system utilizing
expandable tubular members.

FIG. 13 is a partial cross-sectional illustration of the wellhead system of FIG.
12. |

FIG. 14a is an illustration of the formation of a mono-diameter wellbore casing.

FIG. 14b is another illustration of the formation of the mono-diameter wellbore
casing. !

FIG. 14c is another illustration of the formaﬁon of the mono-diameter wellbore
casing. ‘

FIG. 14d is another illustration of the formation of the mono-diameter wellbore
casing. |

FIG. 14e is another illustration of the formation of the mono-diameter wellbore
casing.

FIG. 14f is another illustration of the formation of the mono-diameter wellbore
casing.

FIG. 15 is an illustration of apparatus for expanding a tubular member.

€
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FIG. 15a is another illustration of the apparatus of FIG. 15.

FIG. 15b is another illustration of the apparatus of F IG. 15.

FIG. 16 is an illustration of an apparatus for forming a mono-diameter wellbore
casing.

FIG. 17 is an illustration of an apparatus for expanding a tubular member.

FIG. 17a is another illustration of the apparatus of FIG. 16.

FIG. 17b is another illustration of the apparatus of FIG. 16.

FIG. 18 is an illustration of an apparatus for forming a mono-diameter wellbore
casing.

FIG. 19 is an illustration of an apparatus for expanding a tubular member.

FIG. 19a is another illustration of the apparatus of F IG. 17.

FIG. 19b is another illustration of the apparatus of Fld. 17.

FIG. 20 is an illustration of an apparatus for forming a mono-diameter wellbore
casing. |

FIG. 21 is an illustration of the isolation of subterranean zones using
expandable tubulars. |

FIG. 22a is a fragmentary cross-sectional illustration of an apparatus for
forming a wellbore casing while drilling a wellbore.

FIG. 22b is another fragmentary cross-sectional illustration of the apparatus of
FIG. 22a. .

FIG. 22¢ is another fragmentary cross-sectional illustration of the apparatus of
FIG. 22a.

FIG. 22d is another fragmentary cross-sectional illustration of the apparatus of
FIG. 22a.

FIG. 23aisa fragmentaﬁ/ cross-section illustration of ian apparatus and method
for expanding tubular members. |

FIG. 23b is another fragmentary cross-sectional illustration of the apparatus of
FIG. 23a. | ‘

FIG. 23c is another fragmentary cross-sectional illustration of the apparatus of
FIG. 23a.

FIG. 24a is a fragmentary cross-section illustration of an apparatus and method

for expanding tubular members.
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F1G. 24b is another fragmentary cross-sectional illustration of the apparatus of
FIG. 24a.

FIG. 24c is another fragmentary cross-sectional illustration of the apparatus of
FIG. 24a.

FIG. 24d is another fragmentary cross-sectional illustration of the apparatus of
FIG. 24a. |

FIG. 24e is another fragmentary cross-sectional illustration of the apparatus of
FIG. 24a. |

FIG. 25 is a partial cross-sectional illustration of an expansion mandrel
expanding a tubular member.

FIG. 26 is a graphical illustration of the rclatfonship between propagation
pressure and the angle of attack of the expansion mandrel.

FIG. 27 is a cross-sectional illustration of an expandable connector.

FIG. 28 is a cross-sectional illustration of an expandable connector.

FIG. 29 is a cross-sectional illustration of an;expandable connector.

FIG. 30 is a cross-sectional illustration of an expandable connector.

Detailed Dcscripti(;m

Referring initially to Figs. 1-5, an apparatus and method for forming a wellbore
casing within a subterranean formation will now be Edf:scribed. As illustrated in Fig. 1,
a wellbore 100 is positioned in a subterranean formation 105. The wellbore 100
includes an existing cased section 110 having a mbtilar casing 115 and an annular
outer layer of cement 120.

In order to extend the wellbore 100 into the éubterranean formation 105, a drill
string 125 is used in a well known manner to drill out material from the subterranean
formation 105 to form a new séction 130.

As illustrated in Fig. 2, an apparatus 200 foriforming a wellbore casing in a
subterranean formation is then positioned in the ne\Fv section 130 of the wellbore 100.
The apparatus 200 preferably includes an expandable mandrel or pig 205, a tubular
member 210, a shoe 215, a lower cup seal 220, an L;pper cup seal 225, a fluid passage
230, a fluid passage 235, a fluid passage 240, seals 245, and a support member 250.

The expandable mandrel 205 is coupled to and supported by the support
member 250. The expandable mandrel 205 is prefcirably adapted to controllably

8
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expand in a radial direction. The expandable mandrel 205 may comprise any number
of conventional commercially available expandable mandrels .modiﬁed in accordance
with the teachings of the present disclosure. The expandable mandrel 205 comprises a
hydraulic expansion tool as disclosed in U.S. Patent No. 5,348,095, the contents of
which are incorporated herein by reference, modified in accordance with the teachings
of the present disclosure.

The tubular member 210 is supported by the expandabie mandrel 20S. The
tubular member 210 is expanded in the radial direction and eitruded off of the
expandable mandrel 205. The tubular member 210 may be fabricated from any
number of conventional commercially available materials suc:h as, for example,
Qilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or plastic
tubing/casing. The tubular member 210 is fabricated from OCTG in order to
maximize strength after expansion. The inner and outer dian';eters of the tubular
member 210 may range, for example, from approximately 0.75 to 47 inches and 1.05
to 48 inches, respectively. The inner and outer diameters of the tubular member 210
range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to
optimally provide minimal telescoping effect in the most corﬁmonly drilled wellbore
sizes. The tubular member 210 preferably comprises a solid member.

The end portion 260 of the tubular member 210 is slotitcd, perforated, or
otherwise modified to catch or slow down the mandrel 205 when it completes the
extrusion of tubular member 210. The length of the tubular member 210 is limited to
minimize the possibility of buckling. For typical tubular member 210 materials, the
length of the tubular member 210 is preferably limited to between about 40 to 20,000
feet in length. '

The shoe 215 is coupled to the expandable mandrel 205 and the tubular member
210. The shoe 215 includes fluid passage 240. The shoe 213 may comprise any
number of conventional commercially available shoes such als, for example, Super Seal
I float shoe, Super Seal Il Down-Jet float shoe or a guide shoe with a sealing sleeve
for a latch down plug modified in accordance with the teachings of the present
disclosure. The shoe 215 comprises an aluminum down-jet éuide shoe with a sealing
sleeve for a latch-down plug available from Halliburton Energy Services in Dallas,

TX, modified in accordance with the teachings of the present disclosure, in order to

S
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optimally guide the tubular member 210 in the wellbore, optimally provide an
adequate seal between the interior and exterior diameters of the overlapping joint
between the tubular members, and to optimally allow the complete drill out of the shoe
and plug after the completion of the cementing and expansion operations.

The shoe 215 includes one or more through and side outlet ports in fluidic
communication with the fluid passage 240. In this manner, the shoe 215 optimally
injects hardenable fluidic sealing material into the region outside the shoe 215 and
tubular member 210. The shoe 215 includes the ﬂuigh passage 240 having an inlet
geometry that can receive a dart and/or a ball sealing member. In this manner, the
fluid passage 240 can be optimally sealed off by intrbducing a plug, dart and/or ball
sealing elements into the fluid passage 230.

The lower cup seal 220 is coupled to and supported by the support member 250.
The lower cup seal 220 prevents foreign materials frbm entering the interior region of
the tubular member 210 adjacent to the expandable rinandrel 205. The lower cup seal
220 may comprise any number of conventional commercially. available cup seals such
as, for example, TP cups, or Selective Injection Pacléer (SIP) cups modified in
accordance with the teachings of the present disclosn;re. The lower cup seal 220
comprises a SIP cup seal, available from Hallibunoﬁ Energy Services in Dallas, TX in
order to optimally block foreign material and contain a body of lubricant.

The upper cup seal 225 is coupled to and supi)orted by the support member 250.
The upper cup seal 225 prevents foreign materials ﬁi‘)m entering the interior fegion of
the tubular member 210. The upper cup seal 225 m;y comprise any number of
conventional commercially available cup seals suchias, for example, TP cups or SIP
cups modified in accordance with the teachings of the present disclosure. The upper
cup seal 225 comprises a SIP cifp, available from Halliburton Energy Services in
Dallas, TX in order to optimally block the entry of fbreign materials and contain a
body of lubricant. |

The fluid passage 230 permits fluidic materia;als to be transported to and from
the interior region of the tubular member 210 below the expandable mandrel 205. The
fluid passage 230 is coupled to and positioned withfn the support member 250 and the
expandable mandrel 205. The fluid passage 230 préferably extends from a position

10
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adjacent to the surface to the bottom of the expandable mandrel 205. The fluid
passage 230 is preferably positioned along a centerline of the apparatus 200.

The fluid passage 230 is preferably selected, in the caéing running mode of
operation, to transport materials such as drilling mud or formation fluids at flow rates
and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order
to minimize drag on the tubular member being run and to mix;imize surge pressures
exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole
collapse. ’

The fluid passage 235 permits fluidic materials to be released from the fluid
passage 230. In this manner, during placement of the apparatus 200 within the new
section 130 of the wellbore 100, fluidic materials 255 forced :up the fluid passage 230
can be released into the wellbore 100 above the tubular member 210 thereby
minimizing surge pressures on the wellbore section 130. Thc; fluid passage 235 is
coupled to and positioned within the suppdﬂ member 250. The fluid passage is further
fluidicly coupled to the fluid passage 230. |

The fluid passage 235 preferably includes a control vélve for controllably
opening and closing the fluid passage 235. The control valvé is pressure activated in
order to controllably minimize surge pressures. The fluid paissage 235 is preferably
positioned substantially orthogonal to the centerline of the apparatus 200.

The fluid passage 235 is preferably selected to convey fluidic materials at flow

rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in

order to reduce the drag on the apparatus 200 during insertion into the new section 130
of the wellbore 100 and to minimize surge pressures on the new wellbore section 130.
The fluid passage 240 permits fluidic materials to be iransported to and from
the region exterior to the tubular member 210 and shoe 215. The fluid passage 240 is
coupled to and positioned within the shoe 215 in fluidic confrnunication with the
interior region of the tubular member 210 below the expandable mandrel 205. The
fluid passage 240 preferably has a cross-sectional shape that permits a plug, or other
similar device, to be placed in fluid passage 240 to thereby l;lock further passage of
fluidic materials. In this manner, the interior region of the tubular member 210 below
the expandable mandrel 205 can be fluidicly isolated from the region exterior to the

tubular member 210. This permits the interior region of the tubular member 210 below

11
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the expandable mandrel 205 to be pressurized. The fiuid passage 240 is preferably
positioned substantially along the centerline of the aﬁparatus 200.

The fluid passage 240 is preferably selected to convey materials such as
cement, drilling mud or epoxies at flow rates and pre;sures ranging from about 0 to
3,000 gallons/minute and 0 to 9,000 psi in order to oétimally fill the annular region
between the tubular member 210 and the new sectior; 130 of the wellbore 100 with
fluidic materials. The fluid passage 240 includes an Sinlet geometry that can receive a
dart and/or a ball sealing member. ]ﬁ this manner, the fluid passage 240 can be sealed
off by introducing a plug, dart and/or ball sealing elements into the fluid passage 230.

The seals 245 are coupled to and supported by an end portion 260 of the tubular
member 210. The seals 245 are ﬁlrif\'ér positioned oﬁ an outer surface 265 of the end
portion 260 of the tubular member 210. The seals 245 permit the overlapping joint
between the end portion 270 of the casing 115 and the portion 260 of the tubular
member 210 to be fluidicly sealed. The seals 245 niay comprise any number of
conventional commercially available seals such as, fIDr example, lead, rubber, Teflon,
or epoxy seals modified in accordance with the teacﬂings of the present disclosure.
The seals 245 are molded from Stratalock epoxy ava%ilable from Halliburton Energy
Services in Dallas, TX in order to optimally provide.a load bearing interference fit
between the end 260 of the tubular member 210 and the end 270 of the existing casing
115. ‘

The seals 245 are selected to optimally provide a sufficient frictional force to
support the expanded tubular member 210 from the existing casing 115. The frictional
force optimally provided by the seals 245 ranges frdm about 1,000 to 1,000,000 1bf in
order to optimally support the expanded tubular member 210.

The support member 250 is coupled to the e);pandable mandrel 205, tubular
member 210, shoe 215, and seals 220 and 225. The support member 250 preferably
comprises an annular member having sufficient strc%mgth to carry the apparatus 200 into
the new section 130 of the wellbore 100. The supp?rt member 250 further includes
one or more conventional centralizers (not illustrated) to help stabilize the apparatus
200. The support member 250 comprises coiled tubing.

A quantity of lubricant 275 is provided in the annular region above the

expandable mandrel 205 within the interior of the tubular member 210. In this
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manner, the extrusion of the tubular member 210 off of the expandable mandrel 205 is
facilitated. The lubricant 275 may comprise any number of conventional
commercially available lubricants such as, for example, Lubﬁplate, chlorine based
lubricants, oil based lubricants or Climax 1500 Antisieze (3100). The lubricant 275
comprises Climax 1500 Antisieze (3100) available from Cliﬁax Lubricants and
Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to
facilitate the expansion process. '

The support member 250 is thoroughly cleaned prior to assembly to the
remaining portions of the apparatus 200. In this manner, the introduction of foreign
material into the apparatus 200 is minimized. This minimizes the possibility of foreign
material clogging the various flow passages and valves of thé apparatus 200.

Before or after positioning the apparatus 200 within tﬂc new section 130 of the
wellbore 100, a couple of wellbore volumes are circulated in order to ensure that no
foreign materials are located within the wellbore 100 that miéht clog up the various
flow passages and valves of the apparatus 200 and to ensure ihat no foreign matenal
interferes with the expansion process. |

As illustrated in Fig. 3, the fluid passage 235 is then ciosed and a hardenable
fluidic sealing material 305 is then pumped from a surface ]o‘cation into the fluid
passage 230. The material 305 then passes from the fluid pa;sage 230 into the intenor
region 310 of the tubular member 210 below the expandable mandrel 205. The
material 305 then passes from the interior region 310 into the fluid passage 240. The
material 305 then exits the apparatus 200 and fills the annula!r region 315 between the
exterior of the tubular member 210 and the interior wall of tﬁe new section 130 of the
wellbore 100. Continued pumping of the material 305 causeé the material 305 to fill
up at least a portion of the annular region 315. |

The material 305 is preferably pumped into the annular region 315 at pressurcs
and flow rates ranging, for example, from about 0 to 5000 péi and 0 to 1,500
gallons/min, respectively. The optimum flow rate and operating pressures vary as a
function of the casing and wellbore sizes, wellbore section léngth, available pumping
equipment, and fluid properties of the fluidic material being pumped. The optimum
flow rate and operating pressure are preferably determined using conventional

empirical methods.
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The hardenable fluidic sealing material 305 may comprise any number of
conventional commercially available hardenable fluidic sealing materials such as, for
example, slag mix, cement or epoxy. The hardcnablé fluidic sealing material 305
comprises a blended cement prepared specifically for the particular well section being
drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal
support for tubular member 210 while also maintainiﬁg optimum flow characteristics
so as to minimize difficulties during the displacemeni of cement in the annular region
315. The optimum blend of the blended cement is pr;eferably determined using
conventional empirical methods. :

The annular region 315 preferably is filled with the material 305 in sufficient
quantities to ensure that, upon radial expansion of thé tubular member 210, the annular
region 315 of the new section 130 of the wellbore 100 will be filled with material 305.

As illustrated in Fig. 3a, the wall thickness and/or the outer diameter of the
tubular member 210 is reduced in the region adj aceni to the mandrel 205 in order
optimally permit placement of the apparatus 200 in ﬁositions in the wellbore with tight
clearances. Furthermore, in this manner, the initiatio!n of the radial expansion of the
tubular member 210 during the extrusion process is optimally facilitated.

As illustrated in Fig. 4, once the annular region 315 has been adequately filled
with material 305, a plug 405, or other similar device, is introduced into the fluid
passage 240 thereby fluidicly isolating the interior région 310 from the annular region
315. A non-hardenable fluidic material 306 is then ﬁumped into the interior region 310
causing the interior region to pressurize. In this man;ner, the interior of the expanded
tubular member 210 will not contain significant amounts of cured material 305. This
reduces and simplifies the cost of the entire process.. Alternatively, the material 305
may be used during this phase of the process. 0;1ce the interior region 310
becomes sufficiently pressurized, the tubular membér 210 is extruded off of the
expandable mandrel 205. During the extrusion proc:ess, the expandable mandrel 205
may be raised out of the expanded portion of the tubular member 210. During the
extrusion process, the mandrel 205 is raised at apprc;ximately the same rate as the
tubular member 210 is expanded in order to keep th; tubular member 210 stationary
relative to the new wellbore section 130. The extrusion process is commenced with

the tubular member 210 positioned above the bottom of the new wellbore section 130,
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keeping the mandrel 205 stationary, and allowing the tubular member 210 to extrude
off of the mandrel 205 and fall down the new wellbore sectiorix 130 under the force of
gravity.

The plug 405 is preferably placed into the fluid passage 240 by introducing the
plug 405 into the fluid passage 230 at a surface location in a conventional manner.

The plug 405 preferably acts to fluidicly isolate the hardenable fluidic sealing material
305 from the non hardenable fluidic material 306.

The plug 405 may comprise any number of convcntior:\al commercially
available devices from plugging a fluid passage such as, for example, Multiple Stage
Cementer (MSC) latch-down plug, Omega latch-down plug or three-wiper latch-down
plug modified in accordance with the teachings of the present disclosure. The plug
405 comprises a MSC latch-down plug available from Hallibiurton Energy Services in
Dallas, TX. |

After placement of the plug 405 in the fluid passage 240, a non hardenable
fluidic material 306 is preferably pumped into the interior region 310 at pressures and
flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 to 4,000
gallons/min. In this manner, the amount of hardenable fluidic sealing material within
the interior 310 of the tubular member 210 is minimized. After placement of the plug
405 in the fluid passage 240, the non hardenable material 306 is preferably pumped
into the interior region 310 at pressures and flow rates rangirig from approximately 500
to 9,000 psi and 40 to 3,000 gallons/min in order to maximizé the extrusion speed.

The apparatus 200 is adapted to minimize tensile, bur;t, and friction effects
upon the tubular member 210 during the expansion process. EThese effects will depend
upon the geometry of the expansion mandrel 205, the mateﬁ;l composition of the
tubular member 210 and expansion mandrel 205, the inner d;ameter of the tubular
member 210, the wall thickness of the tubular member 210, the type of lubricant, and
the yield strength of the tubular member 210. In general, the thicker the wall
thickness, the smaller the inner diameter, and the greater the yield strength of the
tubular member 210, then the greater the operating prcssuresj‘ required to extrude the

tubular member 210 off of the mandrel 205.
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For typical tubular members 210, the extrusion of the tubular member 210 off
of the expandable mandrel will begin when the pressure of the interior region 310
reaches, for example, approximately 500 to 9,000 psi.

During the extrusion process, the expandable mandrel 205 may be raised out of
the expanded portion of the tubular member 210 at rates ranging, for example, from
aboutO0to S ﬁ/sec. During the extrusion process, theiexpandable mandrel 205 is raised
out of the expanded portion of the tubular member 210 at rates ranging from about 0 to
2 fUsec in order to minimize the time required for the expansion process while also
permitting easy control of the expansion process. :

When the end portion 260 of the tubular member 210 is extruded off of the
expandable mandrel 205, the outer surface 265 of the end portion 260 of the tubular
member 210 will preferably contact the interior surface 410 of the end portion 270 of
the casing 115 to form an fluid tight overlapping joint. The contact pressure of the
overlapping joint may range, for example, from approximately 50 to 20,000 psi. The
contact pressure of the overlapping joint ranges fromi approximately 400 to 10,000 psi_
in order to provide optimum pressure to activate the ﬁnnular sealing members 245 and
optimally provide resistance to axial motion to accorilmodate typical tensile and
compressive loads. |

The overlapping joint between the section 410 of the existing casing 115 and
the section 265 of the expanded tubular member ZIQ preferably provides a gaseous and
fluidic seal. The sealing members 245 optimally prdvide a fluidic and gaseous seal in
the overlapping joint. :

The operating pressure and flow rate of the non hardenable fluidic material 306
is controllably ramped down when the expandable mandrel 205 reaches the end
portion 260 of the tubular member 210. In this manﬁer, the sudden release of pressure
caused by the complete extrusion of the tubular merﬁber 210 off of the expandable
mandrel 205 can be minimized. The operating preséure is reduced in a substantially
linear fashion from 100% to about 10% during the end of the extrusion process
beginning when the mandrel 205 is within about 5 feet from completion of the
extrusion process.

Alternatively, or in combination, a shock absorber is provided in the support

member 250 in order to absorb the shock caused by the sudden release of pressure.
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The shock absorber may comprise, for example, any conventional commercially
available shock absorber adapted for use in wellbore operations.

Alternatively, or in combination, a mandrel catching structure is provided in the
end portion 260 of the tubular member 210 in order to catch or at least decelerate the
mandrel 205.

Once the extrusion process is completed, the expandable mandrel 205 is
removed from the wellbore 100. Either before or after the rer:noval of the expandable
mandrel 205, the integrity of the fluidic seal of the overlapping joint between the upper
portion 260 of the tubular member 210 and the lower portionf270 of the casing 115 is
tested using conventional methods. |

If the fluidic seal of the overlipping joint between the upper portion 260 of the
tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, then
any uncured portion of the material 305 within the expanded tubular member 210 is
then removed in a conventional manner such as, for example, circulating the uncured
material out of the interior of the expanded tubular member 210. The mandrel 205 is
then pulled out of the wellbore section 130 and a drill bit or mill is used in combination
with a conventional drilling assembly 505 to drill out any ha;'dened material 305 within
the tubular member 210. The material 305 within the annular region 315 is then
allowed to cure.

As illustrated in Fig. 5, preferably any remaining cured material 305 within the
interior of the expanded tubular member 210 is then remove\;l in a conventional manner
using a conventional drill string 505. The resulting new section of casing 510 includes
the expanded tubular member 210 and an outer annular layer 515 of cured material
305. The bottom portion of the apparatus 200 comprising the shoe 215 and dart 405
may then be removed by drilling out the shoe 215 and dart 405 using conventional
drilling methods.

As illustrated in Fig. 6, the upper portion 260 of the tubular member 210
includes one or more sealing members 605 and one or more ;pressure relief holes 610.
In this manner, the overlapping joint between the lower portion 270 of the casing 115
and the upper portion 260 of the tubular member 210 is pressure-tight and the pressure
on the interior and exterior surfaces of the tubular member 210 is equalized during the

extrusion process.
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The sealing members 605 are seated within recesses 615 formed in the outer
surface 265 of the upper portion 260 of the tubular mémber 210. The sealing members
605 are bonded or molded onto the outer surface 265 of the upper portion 260 of the
tubular member 210. The pressure relief holes 610 are preferably positioned in the last
few feet of the tubular member 210. The pressure relief holes reduce the operating
pressures required to expand the upper portion 260 o&' the tubular member 210. This
reduction in required operating pressure in turn reduces the velocity of the mandrel 205
upon the completion of the extrusion process. This r:eduction in velocity in tum
minimizes the mechanical shock to the entire apparafus 200 upon the completion of the
extrusion process.

Referring now to Fig. 7, an apparatus 700 for forming a casing within a
wellbore preferably includes an expandable mandrel or pig 705, an expandable
mandrel or pig container 710, a tubular member 715, a float shoe 720, a lower cup seal
725, an upper cup seal 730, a fluid passage 735, a ﬂﬁid passage 740, a support member
745, a body of lubricant 750, an overshot connection 755, another support member
760, and a stabilizer 765. |

The expandable mandrel 705 is coupled to and supported by the support
member 745. The expandable mandrel 705 is further coupled to the expandable
mandrel container 710. The expandable mandrel 705 is preferably adapted to
controllably expand in a radial direction. The exparfdable mandrel 705 may comprise

any number of conventional commercially available;expandable mandrels modified in

-accordance with the teachings of the present disc]osﬁre. The expandable mandrel 705

comprises a hydraulic expansion tool substantially as disclosed in U.S. Pat. No.
5,348,095, the contents of which are incorporated herein by reference, modified in
accordance with the teachings of the present disclosixrc.

The expandable mandrel container 710 is coupled to and supported by the
support member 745. The expandable mandrel confainer 710 is further coupled to the
expandable mandrel 705. The expandable mandrel i:ontaincr 710 may be constructed
from any number of conventional commercially avaiilable materials such as, for
example, Oilfield Country Tubular Goods, stainless steel, titanium or high strength
steels. The expandable mandrel container 710 is fabricated from material having a

greater strength than the material from which the tubular member 715 is fabricated. In
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this manner, the container 710 can be fabricated from a tubular material having a
thinner wall thickness than the tubular member 210. This permits the container 710 to
pass through tight clearances thereby facilitating its placement within the wellbore.

Once the expansion process begins, and the thicker, lower strength material of
the tubular member 7185 is expanded, the outside diameter of the tubular member 715
is greater than the outside diameter of the container 710. |

The tubular member 715 is coupled to and supported by the expandable
mandrel 705. The tubular member 715 is preferably expanded in the radial direction
and extruded off of the expandable mandrel 705 substantially as described above with
reference to Figs. 1-6. The tubular member 715 may be fabricated from any number of
materials such as, for example, Oilfield Country Tubular Goods (OCTG), automotive
grade steel or plastics. The tubular member 715 is fabricated from OCT G. .

The tubular member 715 has a substantially annular cross-section. The tubular
member 715 has a substantially circular annular cross-sectioﬁ.

The tubular member 715 preferably includes an upper section 805, an
intermediate section 810, and a lower section 815. The upper section 805 of the
tubular member 715 preferably is defined by the region beginning in the vicinity of the
mandrel container 710 and ending with the top section 820 of the tubular member 715.
The intermediate section 810 of the tubular member 715 is preferably defined by the
region beginning in the vicinity of the top of the mandre! container 710 and ending
with the region in the vicinity of the mandrel 705. The lower section of the tubular
member 715 is preferably defined by the region beginning in'the vicinity of the
mandrel 705 and ending at the bottom 825 of the tubular mexﬁbcr 715.

The wall thickness of the upper section 805 of the tub;.llar member 715 is
greater than the wall thicknesses of the intermediate and lowér sections 810 and 815 of
the tubular member 715 in order to optimally facilitate the initiation of the extrusion
process and optimally permit the apparatus 700 to be positioned in locations in the
wellbore having tight clearances.

The outer diameter and wall thickness of the upper section 805 of the tubular
member 715 may range, for example, from about 1.05 to 48 inches and 1/8 to 2 inches,

respectively. The outer diameter and wall thickness of the upper section 805 of the
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tubular member 715 range from about 3.5 to 16 inchés and 3/8 10 1.5 inches,
respectively.

The outer diameter and wall thickness of the intermediate section 810 of the
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to
1.5 inches, respectively. The outer diameter and wall thickness of the intermediate
section 810 of the tubular member 715 range from about 3.5 to 19 inches and 1/8 to
1.25 inches, respectively. |

The outer diameter and wall thickness of the lower section 815 of the tubular
member 715 may range, for example, from about 25 to 50 inches and 1/16 to 1.25
inches, respectively. The outer diameter and wall thickness of the lower section 810 of
the tubular member 715 range from about 3.5 to 19 iinches and 1/8 to 1.25 inches,
réspectively. The wall thickness of the lower section 815 of the tubular member 715 is
further increased to increase the strength of the shoe 720 when drillable materials such
as, for example, aluminum are used. |

The tubular member 715 preferably comprises a solid tubular member. The end
portion 820 of the tubular member 715 is slotted, perforated, or otherwise modified to
catch or slow down the mandrel 705 when it compl&es the extrusion of tubular
member 715. The length of the tubular member 715 is limited to minimize the
possibility of buckling. For typical tubular member 715 materials, the length of the
tubular member 715 is preferably limited to between about 40 to 20,000 feet in length.

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member
715. The shoe 720 includes the fluid passage 740. The shoe 720 further includes an
inlet passage 830, and one or more jet ports 835. Tl;e cross-sectional shape of the inlet
passage 830 is adapted to receive a latch-down dart,i or other similar elements, for
blocking the inlet passage 830. The interior of the slhoe 720 preferably includes a body
of solid material 840 for increasing the strength of tihe shoe 720. The body of solid
material 840 comprises aluminum. |

The shoe 720 may comprise any number of conventional commercially
available shoes such as, for example, Super Seal II bown-Jet float shoe, or guide shoe
with a sealing sleeve for a latch down plug modified in accordance with the teachings
of the present disclosure. The shoe 720 comprises én aluminum down-jet guide shoe
with a sealing sleeve for a latch-down plug available from Halliburton Energy Services
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in Dallas, TX, modified in accordance with the teachings of the present disclosure, in
order to optimize guiding the tubular member 715 in the welli)ore, optimize the seal
between the tubular member 715 and an existing wellbore casing, and to optimally
facilitate the removal of the shoe 720 by drilling it out after cbmpletion of the
extrusion process. '

The lower cup seal 725 is coupled to and supported by: the support member 745.
The lower cup seal 725 prevents foreign materials from entering the interior region of
the tubular member 715 above the expandable mandrel 705. The lower cup seal 725
may comprise any number of conventional commercially available cup seals such as,
for example, TP cups or Selective Injection Packer (SIP) cu;;s modified in accordance
with the teachings of the present disclosure. The lower cup seal 725 comprises a SIP
cup, available from Halliburton Energy Services in Dallas, TX in order to optimally
provide a debris barrier and hold a body of lubricant. o

The upper cup seal 730 is coupled to and supported by the support member 760.
The upper cup seal 730 prevents foreign materials from ente;'ing the interior region of
the tubular member 715. The upper cup seal 730 may compﬁse any number of
conventional commercially available cup seals such as, for example, TP cups or
Selective Injection Packer (SIP) cup modified in accordance with the teachings of the
present disclosure. The upper cup seal 730 comprises a SIP cup available from
Halliburton Energy Services in Dallas, TX in order to optimally provide a debris
barrier and contain a body of lubricant.

The fluid passage 735 permits fluidic materials to be transported to and from
the interior region of the tubular member 715 below the exp;ndable mandrel 705. The
fluid passage 735 is fluidicly coupled to the fluid passage 740 The fluid passage 735
is preferably coupled to and positioned within the support mgmber 760, the support
member 745, the mandrel container 710, and the expandablé mandrel 705. The fluid
passage 735 preferably extends from a position adjacent to the surface to the bottom of
the expandable mandrel 705. The fluid passage-735 is preferably positioned along a
centerline of the apparatus 700. The fluid passage 735 is pr;ferably selected to
transport materials such as cement, drilling mud or epoxies Qt flow rates and pressures

ranging from about 40 to 3,000 gallons/minute and 500 to 9;000 psi in order to
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optimally provide sufficient operating pressures to extrude the tubular member 715 off
of the expandable mandrel 705. |

As described above with reference to Figs. 1-6, during placement of the
apparatus 700 within a new section of a wellbore, fluidic materials forced up the fluid
passage 735 can be released into the wellbore above the tubular member 715. The
apparatus 700 further includes a pressure release passage that is coupled to and
positioned within the support member 260. The preésure release passage is further
fluidicly coupled to the fluid passage 735. The pressure release passage preferably
includes a control valve for controllably opening and closing the fluid passage. The
control valve is pressure activated in order to controllably minimize surge pressures.

The pressure release passage is préfé’rably positioned substantially orthogonal to the

- centerline of the apparatus 700. The pressure release passage is preferably selected to

convey materials such as cement, drilling mud or epoxies at flow rates and pressures
ranging from about 0 to 500 gallons/minute and 0 tov 1,000 psi in order to reduce the
drag on the apparatus 700 during insertion into a new;v section of a wellbore and to
minimize surge pressures on the new wellbore section.

The fluid passage 740 permits fluidic mateﬁéls to be transported to and from
the region exterior to the tubular member 715. The huid passage 740 is preferably
coupled to and positioned within the shoe 720 in fluidic communication with the
interior region of the tubular member 715 below theiexpandable mandrel 70S. The
fluid passage 740 preferably has a cross-sectional shape that permits a plug, or other
similar device, to be placed in the inlet 830 of the ﬂﬁid passage 740 to thereby block
further passage of fluidic materials. In this manner, the interior region of the tubular
member 715 below the expandable mandrel 705 can be optimally fluidicly isolated
from the region exterior to the tubular member 715.; This permits the interior region of
the tubular member 715 below the expandable mandrel 205 to be pressurized.

The fluid passage 740 is preferably positionéd substantially along the centerline
of the apparatus 700. The fluid passage 740 is preférably selected to convey materials
such as cement, drilling mud or epoxies at flow rates and pressures ranging from about
0 to 3,000 gallons/minute and O to 9,000 psi in order to optimally fill an annular region
between the tubular member 715 and a new section of a wellbore with fluidic

materials. The fluid passage 740 includes an inlet passage 830 having a geometry that
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can receive a dart and/or a ball sealing member. In this manner, the fluid passage 240
can be sealed off by introducing a plug, dart and/or ball sealing elements into the fluid
passage 230.

The apparatus 700 further includes one or more seals 845 coupled to and
supported by the end portion 820 of the tubular member 715. The seals 845 are further
positioned on an outer surface of the end portion 820 of the tubular member 715. The
seals 845 permit the overlapping joint between an end ponionj of preexisting casing
and the end portion 820 of the tubular member 715 to be ﬂui&icly sealed. The seals
845 may comprise any number of conventional commercially available seals such as,
for example, lead, rubber, Teflon, or epoxy seals modified in accordance with the
teachings of the present disclosure. The seals 845 comprise séals molded from
StrataLock epoxy available from Halliburton Energy Services in Dallas, TX in order to
optimally provide a hydraulic seal and a load bearing interference fit in the overlapping
joint between the tubular member 715 and an existing casing .with optimal load bearing
capacity to support the tubular member 715.

The seals 845 are selected to provide a sufficient frictional force to support the
expanded tubular member 715 from the existing casing. The'fn'ctional force provided
by the seals 845 ranges from about 1,000 to 1,000,000 ibf in order to optimally
support the expanded tubular member 715.

The support member 745 is preferably coupled to fhe éxpandable mandrel 705
and the overshot connection 755. The support member 745 ﬂrefcrably comprises an
annular member having sufficient strength to carry the apparims 700 into a new
section of a wellbore. The support member 745 may comprise any number of
conventional commercially available support members such as, for example, steel dnill
pipe, coiled tubing or other high strength tubular modified in'accordance with the
teachings of the present disclosure. The support member 745 comprises conventional
drill pipe available from various steel mills in the United States.

A body of lubricant 750 is provided in the annular region above the expandable -
mandre! container 710 within the interior of the tubular member 715. In this manner,
the extrusion of the tubular member 715 off of the expandabie mandrel 705 is
facilitated. The lubricant 705 may comprise any number of conventional

commercially available lubricants such as, for example, Lubriplate, chlorine based
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lubricants, oil based lubricants, or Climax 1500 Antisieze (3100). The lubricant 750
comprises Climax 1500 Antisieze (3100) available fr;om Halliburton Energy Services
in Houston, TX in order to optimally provide lubrication to facilitate the extrusion
process. .

The overshot connection 755 is coupled to the support member 745 and the
support member 760. The overshot connection 755 ;;referably permits the support
member 745 to be removably coupled to the support member 760. The overshot
connection 755 may comprise any number of conveﬁtional commercially available
overshot connections such as, for example, [nnerstrir;g Sealing Adapter, Innerstring
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot connection
755 comprises a Innerstring Adapter with an Upper Guide available from Halliburton
Energy Services in Dallas, TX.

The support member 760 is preferably coupled to the overshot connection 755
and a surface support structure (not illustrated). Thé support member 760 preferably
comprises an annular member having sufficient sﬂer;gth to carry the apparatus 700 into
a new section of a wellbore. The support member 760 may comprise any number of .
conventional commercially available support membérs such as, for example, steel drill
pipe, coiled tubing or other high strength tubulars m:odiﬁed_in accordance with the
teachings of the present disclosure. The support me;nber 760 comprises a .
conventional drill pipe available from steel mills in t:he United States.

The stabilizer 765 is preferably coupled to th;a support member 760. The
stabilizer 765 also preferably stabilizes the components of the apparatus 700 within the
wbular member 715. The stabilizer 765 preferably comprises a spherical member
having an outside diameter that is about 80 to 99% of the interior diameter of the
tubular member 715 in order to bptimally minimize buckling of the tubular member
715. The stabilizer 765 may comprise any number 6f conventional commercially
available stabilizers such as, for example, EZ Drill Star Guides, packer shoes or drag
blocks modified in accordance with the teachings of the present disclosure. The
stabilizer 765 comprises a sealing adapter upper guide available from Halliburton
Energy Services in Dallas, TX.

The support members 745 and 760 are thorqughly cleaned prior to assembly to

the remaining portions f the apparatus 700. In this manner, the introduction of
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foreign material into the apparatus 700 is minimized. This minimizes the possibility of
foreign material clogging the various flow passages and valves of the apparatus 700.

Before or after positioning the apparatus 700 within a new section of a
wellbore, a couple of wellbore volumes are circulated througﬁ the various flow
passages of the apparatus 700 in order to ensure that no forelgn materials are located
within the wellbore that might clog up the vanious flow passages and valves of the
apparatus 700 and to ensure that no foreign matenial mterferes with the expansion
mandrel 705 during the expansion process.

The apparatus 700 is operated substantially as described above with reference
to Figs. 1-7 to form a new section of casing within a wellbore.

As illustrated in Fig. 8, The method and apparatus dess:ribed herein is used to
repair an existing wellbore casing 805 by forming a tubular liner 810 inside of the
existing wellbore casing 805. An outer annular lining of ccmcnt is not provided in the
repaired section. any number of fluidic materials can be used to expand the tubular
liner 810 into intimate contact with the damaged section of the wellbore casing such
as, for example, cement, epoxy, slag mix, or drilling mud. Sealing members 815 are
preferably provided at both ends of the tubular member in oraer to optimally provide a
fluidic seal. The tubular liner 810 is formed within a horizontally positioned pipeline
section, such as those used to transport hydrocarbons or water, with the tubular liner
810 placed in an overlapping relationship with the adjacent pipeline section. In this
manner, underground pipelines can be repaired without haviﬁg to dig out and replace
the damaged sections.

The method and apparatus described herein is used to directly line a wellbore
with a tubular liner 810.  An outer annular lining of cement is not provided between
the tubular liner 810 and the wellbore. Any number of fluidic materials can be used to
expand the tubular liner 810 into intimate contact with the wsllborc such as, for
example, cement, epoxy, slag mix, or drilling mud. |

Referring now to Figs. 9, 9a, 9b and 9¢, an apparatus 900 for forming a
wellbore casing includes an expandable tubular member 902, a support member 904,
an expandable mandrel or pig 906, and a shoe 908. The deéig:n and construction of the

mandrel 906 and shoe 908 permits easy removal of those elements by drilling them
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out. In this manner, the assembly 900 can be easily removed from a wellbore using a
conventional drilling apparatus and corresponding drilling methods.

The expandable tubular member 902 preferably includes an upper portion 910,
an intermediate portion 912 and a lower portion 914. During operation of the
apparatus 900, the tubular member 902 is preferably :extruded off of the mandrel 906
by pressurizing an interior region 966 of the tubular ﬂtember 902. The tubular member
902 preferably has a substantially annular cross-sectiém.

An expandable tubular member 915 is couple& to the upper portion 910 of the
expandable tubular member 902. During operation Jf the apparatus 900, the tubular
member 915 is preferably extruded off of the mandrei 906 by pressurizing the interior
region 966 of the tubular member 902. The tubular member 915 preferably has a
substantially annular cross-section. The wall thickness of the tubular member 915 is
greater than the wall thickness of the tubular membeni 902.

The tubular member 915 may be fabricated frbm any number of conventional
commercially available materials such as, for example, oilfield tubulars, low alloy
steels, titanium or stainless steels. The tubular meml;er 915 is fabricated from oilfield
tubulars in order to optimally provide approximately.the same mechanical properties as
the tubular member 902. The tubular member 915 h;as a plastic yield point ranging
from about 40,000 to 135,000 psi in order to optimally provide approximately the same
yield properties as the tubular member 902. The tubhlar member 915 may comprise a
plurality of tubular members coupled end to end. |

The upper end portion of the tubular member 915 includes one or more sealing
members for optimally providing a fluidic and/or gaéeous seal with an existing section
of wellbore casing.

The combined length of the tubular members 902 and 915 are limited to
minimize the possibility of buckling. For typical tuﬁular member materials, the
combined length of the tubular members 902 and 915 are limited to between about 40
to 20,000 feet in length.

The lower portion 914 of the tubular member 902 is preferably coupled to the
shoe 908 by a threaded connection 968. The intermédiate portion 912 of the tubular

member 902 preferably is placed in intimate sliding contact with the mandrel 906.
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The tubular member 902 may be fabricated from any number of conventional
commercially available materials such as, for example, oilfield tubulars, low alloy
steels, titanium or stainless steels. The tubular member 902 is fabricated from oilfield
tubulars in order to optimally provide approximately the same mechanical properties as
the tubular member 915. The tubular member 902 has a plasfic yield point ranging
from about 40,000 to 135,000 psi in order to optimally provide approximately the same
yield properties as the tubular member 915. |

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and
914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 inches.
The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 of
the tubular member 902 range from about 1/8 to 1.25 in order to optimally provide
wall thickness that are about the same as the tubular memberl9 15. The wall thickness
of the lower portion 914 is less than or equal to the wall thickness of the upper portion
910 in order to optimally provide a geometry that will fit into| tight clearances
downhole. '

The outer diameter of the upper, intermediate, and loWer portions, 910, 912 and
914 of the tubular member 902 may range, for example, from about 1.05 to 48 inches.
The outer diameter of the upper, intermediate, and lower portioﬁs, 910, 912 and 914 of
the tubular member 902 range from about 3 2 to 19 inches in order to optimally
provide the ability to expand the most commonly used oilﬁcid tubulars.

The length of the tubular member 902 is preferably limited to between about 2
to 5 feet in order to optimally provide enough length to contain the mandrel 906 and a
body of lubricant.

The tubular member 902 may comprise any number of conventional
commercially available tubular members modified in accordance with the teachin gs of
the present disclosure. The tubular member 902 comprises 6ilﬁeld Country Tubular
Goods available from various U.S. steel mills. The tubular member 915 may comprise
any number of conventional commercially available tubular members modified in .
accordance with the teachings of the present disclosure. TheE tubular member 915
comprises Qilfield Country Tubular Goods available from various U.S. steel mills.

The various elements of the tubular member 902 ma); be coupled using any

number of conventional process such as, for example, threaded connections, welding
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or machined from one piece. The various elements of the tubular member 902 are
coupled using welding. The tubular member 902 may comprise a plurality of tubular
elements that are coupled end to end. The various elements of the tubular member 915
may be coupled using any number of conventional p!rocess such as, for example,
threaded connections, welding or machined from one piece. The various elements of
the tubular member 915 are coupled using welding. The tubular member 915 may
comprise a plurality of tubular elements that are coupled end to end. The tubular
members 902 and 915 may be coupled using any number of conventional process such
as, for example, threaded connections, welding or machined from one piece.

The support member 904 preferably includes an innerstring adapter 916, a fluid
passage 918, an upper guide 920, and a coupling 922. During operation of the
apparatus 900, the support member 904 preferably supports the apparatus 900 during
movement of the apparatus 900 within a wellbore. The support member 904
preferably has a substantially annular cross-section. |

The support member 904 may be fabricated from any number of conventional
commercially available materials such as, for examﬁle, oilfield tubulars, low alloy
steel, coiled tubing or stainless steel. The support member 904 is fabricated from low
alloy steel in order to optimally provide high yield s@rength.

The innerstring adaptor 916 preferably is coﬁpled to and supported by a
conventional drill string support from a surface Ioca;ion. The innerstring adaptor 916
may be coupled to a conventional drill string supporit 971 by a threaded connection
970. |

The fluid passage 918 is preferably used to convey fluids and other materials to
and from the apparatus 900. The fluid passage 918;is fluidicly coupled to the fluid
passage 952. The fluid passage 918 is used to convey hardenable fluidic sealing
materials to and from the apparatus 900. The fluid ﬁassage 918 may include one or
more pressure relief passages (not illustrated) to release fluid pressure during
positioning of the apparatus 900 within a wellbore. :The fluid passage 918 is
positioned along a longitudinal centerline of the apparatus 900. The fluid passage 918
is selected to permit the conveyance of hardenable ﬂuidic materials at operating

pressures ranging from about 0 to 9,000 psi.
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The upper guide 920 is coupled to an upper portion of the support member 904.
The upper guide 920 preferably is adapted to center the support member 904 within the
tubular member 915. The upper guide 920 may comprise any number of conventional
guide members modified in accordance with the teachings of the present disclosure.
The upper guide 920 comprises an innerstring adapter available from Halliburton
Energy Services in Dallas, TX order to optimally guide the aéparatus 900 within the
tubular member 915. ‘

The coupling 922 couples the support member 904 to the mandrel 906. The
coupling 922 preferably comprises a conventional threaded clonnection.

The various elements of the support member 904 may be coupled using any
number of conventional processes such as, for example, welding, threaded connections

or machined from one piece. The various elements of the support member 904 are

.coupled using threaded connections.

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide
934, an extension sleeve 936, a spacer 938, a housing 940, a Esea.ling sleeve 942, an
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 950,
and a fluid passage 952.

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 948,
and the rubber cup 926. The retainer 924 couples the rubber !cup 926 to the lubricator
sleeve 948. The retainer 924 preferably has a substantially aﬁnular cross-section. The
retainer 924 may comprise any number of conventional commercially available
retainers such as, for example, slotted spring pins or roll pin.

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946,
and the lubricator sieeve 948. The rubber cup 926 prevents the entry of foreign
materials into the interior region 972 of the tubular member 902 below the rubber cup
926. The rubber cup 926 may comprise any number of conventional commercially
available rubber cups such as, for example, TP cups or Selective Injection Packer (SIP)
cup. The rubber cup 926 comprises a SIP cup available from Halliburton Energy
Services in Dallas, TX in order to optimally block foreign matenals.

A body of lubricant is further provided in the interior ’region 972 of the tubular

member 902 in order to lubricate the interface between the exterior surface of the
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mandrel 902 and the interi r surface of the tubular members 902 and 915. The
lubricant may comprise any number of conventional ;commercially available lubricants
such as, for example, Lubriplate, chlorine based lubr%cants, oil based lubricants or
Climax 1500 Antiseize (3100). The lubricant comprises Climax 1500 Antiseize (3100)
available from Climax Lubricants and Equipment Co. in Houston, TX in order to
optimally provide lubrication to facilitate the extrusion process.

The expansion cone 928 is coupled to the lower cone retainer 930, the body of
cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and the
upper cone retainer 944. During operation of the apparatus 900, the tubular members
902 and 915 are extruded off of the outer surface of ihc expansion cone 928. Axial
movement of the expansion cone 928 is prevented by the lower cone retainer 930,
housing 940 and the upper cone retainer 944. Inner ;'adial movement of the expansion
cone 928 is prevented by the body of cement 932, the housing 940, and the upper cone
retainer 944.

The expansion cone 928 preferably has a subgtantially annular cross section.
The outside diameter of the expansion cone 928 is px;eferably tapered to provide a cone
shape. The wall thickness of the expansion cone 928 may range, for example, from
about 0.125 to 3 inches. The wall thickness of the expansion cone 928 ranges from
about 0.25 to 0.75 inches in order to optimally proviéle adequate compressive strength
with minimal material. The maximum and minimutfn outside diameters of the
expansion cone 928 may range, for example, from about 1 to 47 inches. The
maximum and minimum outside diameters of the expansion cone 928 range from
about 3.5 to 19 in order to optimally provide expansion of generally available oilfield
tubulars ,

The expansion cone 928 may be fabricated ﬁ';om any number of conventional
commercially available materials such as, for examﬁle, ceramic, tool steel, titanium or
low alloy steel. The expansion cone 928 is fabﬁcatt;d from tool steel in order to
optimally provide high strength and abrasion resistaxlnce. The surface hardness of the
outer surface of the expansion cone 928 may range, for example, from about 50
Rockwell C to 70 Rockwell C. The surface hardnes§ of the outer surface of the
expansion cone 928 ranges from about 58 Rockwell:C to 62 Rockwell C in order to

optimally provide high yield strength. The expansidn cone 928 is heat treated to
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optimally provide a hard outer surface and a resilient interior body in order to
optimally provide abrasion resistance and fracture toughnessi

The lower cone retainer 930 is coupled to the expansi' n cone 928 and the
housing 940. Axial movement of the expansion cone 92 is prevented by the lower
cone retainer 930. Preferably, the lower cone retainer 930 hqs a substantially annular
cross-section.

The lower cone retainer 930 may be fabricated from a.ny number of
conventional commercially available materials such as, for eiample, ceramic, tool
steel, titanium or low alloy steel. The lower cone retainer 930 is fabricated from tool
steel in order to optimally provide high strength and abrasion resistance. The surface
hardness of the outer surface of the lower cone retainer 930 ﬁmay range, for example,
from about 50 Rockwell C to 70 Rockwell C. The surface h;ardness of the outer
surface of the lower cone retainer 930 ranges from about 58 j{ockwell Cto62
Rockwell C in order to optimally provide high yield strength. The lower cone retainer
930 is heat treated to optimally provide a hard outer surface and a resilient interior
body in order to optimally provide abrasion resistance and fracture toughness.

The lower cone retainer 930 and the expansion cone 928 are formed as an
integral one-piece element in order reduce the number of corimponcnts and increase the
overall strength of the apparatus. The outer surface of the loiaver cone retainer 930
preferably mates with the inner surfaces of the tubular membiers 902 and 915.

The body of cement 932 is positioned within the inteﬁor of the mandre! 906.
The body of cement 932 provides an inner bearing structure for the mandrel 906. The
body of cement 932 further may be easily drilled out using a conventional drill device.
In this manner, the mandrel 906 may be easily removed using a conventional drilling
device. ' |

The body of cement 932 may comprise any number c;f conventional
commercially available cement compounds. Altemnatively, aluminum, cast iron or
some other drillable metallic, composite, or aggregate material may be substituted for
cement. The body of cement 932 preferably has a substantially annular cross-section.

The lower guide 934 is coupled to the extension sleeve 936 and housing 940.
During operation of the apparatus 900, the lower guide 934 preferably helps guide the
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movement of the mandrel 906 within the tubular member 902. The lower guide 934
preferably has a substantially annular cross-section.

The lower guide 934 may be fabricated from any number of conventional
commercially available materials such as, for example, oilfield tubulars, low alloy steel
or stainless steel. The lower guide 934 is fabricated from low alloy steel in order to
optimally provide high yield strength. The outer surface of the lower guide 934
preferably mates with the inner surface of the tubular'member 902 to provide a sliding
fit.

The extension sleeve 936 is coupled to the lower guide 934 and the housing
940. During operation of the apparatus 900, the exteﬁsion sleeve 936 preferably helps
guide the movement of the mmandrel 06 within the tubular member 902. The
extension sleeve 936 preferably has a substantially annular cross-section.

The extension sleeve 936 may be fabricated from any number of conventional
commercially available materials such as, for exampie, oilfield tubulars, low alloy steel
or stainless steel. The extension sleeve 936 is fabricated from low alloy steel in order
to optimally provide high yield strength. The outer surface of the extension sleeve 936
preferably mates with the inner surface of the tubular member 902 to provide a sliding
fit. The extension sleeve 936 and the lower guide 934 are formed as an integral one-
piece element in order to minimize the number of co'mponents and increase the
strength of the apparatus. |

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 preferably
includes the fluid passage 952 and is adapted to mate with the extension tube 960 of
the shoe 908. In this manner, a plug or dart can be cbnveyed from the surface through
the fluid passages 918 and 952 into the fluid passage; 962. Preferably, the spacer 938
has a substantially annular cross-section.

The spacer 938 may be fabricated from any number of conventional
commercially available materials such as, for exam;;le, steel, aluminum or cast iron.
The spacer 938 is fabricated from aluminum in ordér to optimally provide drillability.
The end of the spacer 938 preferably mates with the end of the extension tube 960.
The spacer 938 and the sealing sleeve 942 are foméd as an integral one-piece element
in order to reduce the number of components and increase the strength of the

apparatus.
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The housing 940 is coupled to the lower guide 934, extension sleeve 936,
expansion cone 928, body of cement 932, and lower cone retpiner 930. During
operation of the apparatus 900, the housing 940 preferably pl;evcnts inner radial motion
of the expansion cone 928. Preferably, the housing 940 has a substantially annular
cross-section.

The housing 940 may be fabricated from any number :of conventional
commercially available materials such as, for example, oilﬁeid tubulars, low alloy steel
or stainless steel. The housing 940 is fabricated from low all;)y steel in order to
optimally provide high yield strength. The lower guide 934, extension sleeve 936 and
housing 940 are formed as an integral one-piece element in order to minimize the
number of components and increase the strength of the appaliatus.

The interior surface of the housing 940 includes one or more protrusions to
facilitate the connection between the housing 940 and the bo?dy of cement 932.

The sealing sleeve 942 is coupled to the support mem;ber 904, the body of
cement 932, the spacer 938, and the upper cone retainer 944. During operation of the
apparatus, the sealing sleeve 942 preferably provides support for the mandrel 906. The
sealing sleeve 942 is preferably coupled to the support member 904 using the coupling
922. Preferably, the sealing sleeve 942 has a substantially ar;nular cross-section.

The sealing sleeve 942 may be fabricated from any nﬁmber of conventional
commercially available materials such as, for example, steel, aluminum or cast iron.
The sealing sleeve 942 is fabricated from aluminum in order.to optimally provide
drillability of the sealing sleeve 942. ‘

The outer surface of the sealing sleeve 942 includes oine or more protrusions to
facilitate the connection between the sealing sleeve 942 and the body of cement 932.

The spacer 938 and the sealing sleeve 942 are integraily formed as a one-piece
element in order to minimize the number of components.

The upper cone retainer 944 is coupled to the expansion cone 928, the sealing
sleeve 942, and the body of cement 932. During operation of the apparatus 900, the
upper cone retainer 944 preferably prevents axial motion of fhe expansion cone 928.
Preferably, the upper cone retainer 944 has a substantially annular cross-section.

The upper cone retainer 944 may be fabricated from ény number of

conventional commercially available materials such as, for example, steel, aluminum
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or cast iron. The upper cone retainer 944 is fabricated from aluminum in order to
optimally provide drillability of the upper cone retainer 944.

The upper cone retainer 944 has a cross-sectional shape designed to provide
increased rigidity. The upper cone retainer 944 has a cross-sectional shape that is
substantially I-shaped to provide increased rigidity and minimize the amount of
material that would have to be drilled out.

The lubricator mandrel 946 is coupled to the fetainer 924, the rubber cup 926,
the upper cone retainer 944, the lubricator sleeve 948i, and the guide 950. During
operation of the apparatus 900, the lubricator mmdrél 946 preferably contains the body
of lubricant in the annular region 972 for lubricating the interface between the mandrel
906 and the tubular member 902. Preferably, the lul;ﬁcator mandrel 946 has a
substantially annular cross-section. )

The lubricator mandrel 946 may be fabricated from any number of conventional
commercially available materials such as, for examp:le, steel, aluminum or cast iron.
The lubricator mandrel 946 is fabricated from aluminum in order to optimally provide
drillability of the lubricator mandrel 946. .

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the retainer
924, the rubber cup 926, the upper cone retainer 944?, the lubricator sleeve 948, and the
guide 950. During operation of the apparatus 900, tllne lubricator sleeve 948 preferably
supports the rubber cup 926. Preferably, the lubricator sleeve 948 has a substantially
annular cross-section.

The lubricator sleeve 948 may be fabricated from any number of conventional
commercially available materials such as, for example, steel, aluminum or cast iron.
The lubricator sleeve 948 is fabricated from aluminﬁm in order to optimally provide
drillability of the lubricator sleeve 948. |

As illustrated in Fig. 9c, the lubricator sleeve; 948 is supported by the lubricator
mandrel 946. The lubricator sleeve 948 in turn supéorts the rubber cup 926. The
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. Seals 949a and
949b are provided between the lubricator mandrel 546, lubricator sleeve 948, and
rubber cup 926 in order to optimally seal off the intén'or region 972 of the tubular
member 902. |
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The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, and
the Jubricator sleeve 948. During operation of the apparatus 900, the guide 950
preferably guides the apparatus on the support member 904. ?referably, the guide 950
has a substantially annular cross-section. '

The guide 950 may be fabricated from any number of conventional
commercially available materials such as, for example, steel, .aluminum or cast iron.
The guide 950 is fabricated from aluminum order to optimaliy provide drillability of
the guide 950. -

The fluid passage 952 is coupled to the mandrel 906. During operation of the
apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. The
fluid passage 952 is positioned about the centerline of the app;aratus 900. The fluid
passage 952 is adapted to convey hardenable fluidic materials at pressures and flow
rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons;min in order to optimally
provide pressures and flow rates to displace and circulate ﬂuids during the installation
of the apparatus 900. |

The various elements of the mandrel 906 may be coui)led using any number of
conventional process such as, for example, threaded connectibns, welded connections
or cementing. The various elements of the mandrel 906 are c;oupled using threaded
connections and cementing.

The shoe 908 preferably includes a housing 954, a body of cement 956, a
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more outlet
jets 964.

The housing 954 is coupled to the body of cement 956 and the lower portion
914 of the tubular member 902. During operation of the apparatus 900, the housing
954 preferably couples the lower portion of the tubular memi)cr 902 to the shoe 908 10
facilitate the extrusion and positioning of the tubular membe} 902. Preferably, the
housing 954 has a substantially annular cross-section.

The housing 954 may be fabricated from any number: of conventional
commercially available materials such as, for example, steel or aluminum. The
housing 954 is fabricated from aluminum in order to optimally provide drillability of
the housing 954.
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The interior surface of the housing 954 includes one or more protrusions to
facilitate the connection between the body of cementl956 and the housing 954.

The body of cement 956 is coupled to the hoﬁsing 954, and the sealing sleeve
958. The composition of the body of cement 956 is selected to permit the body of
cement to be easily drilled out using conventional drilling machines and processes.

The composition of the body of cement 956 may include any number of
conventional cement compositions. A drillable mate}ial such as, for example,
aluminum or iron may be substituted for the body of cement 956.

The sealing sleeve 958 is coupled to the body: of cement 956, the extension tube
960, the fluid passage 962, and one or more outlet jeis 964. During operation of the
apparatus 900, the sealing sleeve 958 preferably is aaapted to convey a hardenable
fluidic material from the fluid passage 952 into the fluid passage 962 and then into the
outlet jets 964 in order to inject the hardenable ﬂuidi!c material into an annular region
external to the tubular member 902. During operation of the apparatus 900, the sealing
sleeve 958 further includes an inlet geometry that permits a conventional plug or dart |
974 to become lodged in the inlet of the sealing slee\l'e 958. In this manner, the fluid
passage 962 may be blocked thereby fluidicly isolatfng the interior region 966 of the
tubular member 902.

The sealing sleeve 958 has a substantially annular cross-section. The sealing
sleeve 958 may be fabricated from any number of cénventional commercially available
materials such as, for example, steel, aluminum or cast iron. The sealing sleeve 958 is
fabricated from aluminum in order to optimally provide drillability of the sealing
sleeve 958.

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage
962, and one or more outlet jets 964. During operation of the apparatus 900, the
extension tube 960 preferably is adapted to convey a hardenable fluidic material from
the fluid passage 952 into the fluid passage 962 and then into the outlet jets 964 in
order to inject the hardenable fluidic material into ariu annular region external to the
tubular member 902. During operation of the appar;tus 900, the sealing sleeve 960
further includes an inlet geometry that permits a coﬁventional plug or dart 974 to
become lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage

962 is blocked thereby fluidicly isolating the interior region 966 of the tubular member
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902. One end of the extension tube 960 mates with one end of the spacer 938 in order
to optimally facilitate the transfer of material between the two.

The extension tube 960 has a substantially annular cross-section. The extension
tube 960 may be fabricated from any number of conventional commercially available
materials such as, for example, steel, aluminum or cast iron. :The extension tube 960 is
fabricated from aluminum in order to optimally provide drillsbility of the extension
tube 960. | |

The fluid passage 962 is coupled to the sealing sleevev958, the extension tube
960, and one or more outlet jets 964. During operation of the apparatus 900, the fluid
passage 962 is preferably conveys hardenable fluidic materia!ls. The fluid passage 962
is positioned about the centerline of the apparatus 900. The fluid passage 962 is
adapted to convey hardenable fluidic materials at pressures and flow rate ranging from
about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally provide fluids at
operationally efficient rates.

The ouﬂet jets 964 are coupled to the sealing sleeve 958, the extension tube
960, and the fluid passage 962. During operation of the app;xratus 900, the outlet jets
964 preferably convey hardenable fluidic material from the fluid passage 962 to the
region exterior of the apparatus 900. The shoe 908 includes a plurality of outlet jets
964. '

The outlet jets 964 comprise passages drilled in the housing 954 and the body
of cement 956 in order to simplify the construction of the apparatus 900.

The various elements of the shoe 908 may be coupled using any number of
conventional process such as, for example, threaded connecﬁ'ons, cement or machined
from one piece of material. The various elements of the shoe 908 are coupled using
cement.

The assembly 900 is operated substantially as described above with reference to
Figs. 1-8 to create a new section of casing in a welibore or to repair a wellbore casing
or pipeline. '

In particular, in order to extend a wellbore into a subterranean formation, a drill
string is used in a well known manner to drill out material from the subterranean

formation to form a new section.
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The apparatus 900 for forming a w21lbore casiing in a subterranean formation is
then positioned in the r: w section of the sllbore. The “ppar: ~1s 900 includes the
tubular member 915. A hardenable fluidic sealing hardenable fluidic sealing material
is then pumped from a surface location into the ﬂuid! passage 918. The hardenable
fluidic sealing material then passes from the fluid pa;sage 918 into the interior region
966 of the tubular member 902 below the mandrel 906. The hardenable fluidic sealing
material then passes from the interior region 966 into the fluid passage 962. The
hardenable fluidic sealing material then exits the apparams 900 via the outlet jets 964
and fills an annular region between the exterior of the tubular member 902 and the
interior wall of the new section of the wellbore. Continued pumping of the hardenable
fluidic sealing material causes the material to fill up iat least a portion of the annular
region.

The hardenable fluidic sealing material is preferably pumped into the annular
region at pressures and flow rates ranging, for exam;;le, from about 0 to 5,000 psi and
0 to 1,500 gallons/min, respectively. The hardcnablé fluidic sealing material is
pumped into the annular region at pressures and ﬂové' rates that are designed for the
specific wellbore section in order to optimize the disblacement of the hardenable
fluidic sealing material while not creating high enough circulating pressures such that
circulation might be lost and that could cause the wellbore to collapse. The optimum
pressures and flow rates are preferably determined uéing conventional empirical
methods.

The hardenable fluidic sealing material may comprise any number of
conventional commercially available hardenable fluidic sealing materials such as, for
example, slag mix, cement or epoxy. The hardenable fluidic sealing material
comprises blended cements designcd specifically for the well section being linAed
available from Halliburton Energy Services in Da]laé, TX in order to optimally provide
support for the new tubular member while also maintaining optimal flow
characteristics so as to minimize operational difficulties during the displacement of the
cement in the annular region. The optimum composition of the blended cements is
preferably determined using conventional empirical methods.

The annular region preferably is filled with the hardenable fluidic sealing

material in sufficient quantities to ensure that, upon radial expansion of the tubular
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member 902, the annular region of the new section of the wellbore will be filled with
hardenable material.

Once the annular region has been adequately filled with hardenable fluidic
sealing materia), a plug or dart 974, or other similar device, preferably is introduced
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the
tubular member 902 from the external annular region. A non hardenable fluidic
material is then pumped into the interior region 966 causing the interior region 966 to
pressurize. The plug or dart 974, or other similar device, preferably is introduced into
the fluid passage 962 by introducing the plug or dart 974, or other similar device into
the non hardenable fluidic material. In this manner, the amount of cured material
within the interior of the tubular members 902 and 915 is minimized.

Once the interior region 966 becomes sufficiently pressurized, the tubular
members 902 and 915 are extruded off of the mandrel 906. The mandre! 906 may be
fixed or it may be expandable. During the extrusion process,ithe mandrel 906 is raised
out of the expanded portions of the tubular members 902 and'915 using the support
member 904. During this extrusion process, the shoe 908 1s f)referably substantially
stationary. :

The plug or dart 974 is preferably placed into the fluid passage 962 by
introducing the plug or dart 974 into the fluid passage 918 at a surface location in a
conventional manner. The plug or dart 974 may comprise aﬁy number of conventional
commercially available devices for plugging a fluid passage such as, for example,
Multiple Stage Cementer (MSC) latch-down plug, Omega latch-down plug or three-
wiper latch down plug modified in accordance with the teachings of the present
disclosure. The plug or dart 974 comprises a MSC latch-down plug available from
Halliburton Energy Services in Dallas, TX.

After placement of the plug or dart 974 in the fluid paSsagc 962, the non
hardenable fluidic material is preferably pumped into the interior region 966 at
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 3,000
gallons/min in order to optimally extrude the tubular members 902 and 915 off of the
mandrel 906.

For typical tubular members 902 and 915, the extrusion of the tubular members

902 and 915 off of the expandable mandrel will begin when the pressure of the interior

39




10

15

20

25

30

25791.23.12 P74968GB0OS

region 966 reaches approximately 500 to 9,000 psi. The extrusion of the tubular
members 902 and 915 off of the mandrel 906 begins when the pressure of the interior
region 966 reaches approximately 1,200 to 8,500 psifwith a flow rate of about 40 to
1250 gallons/minute.

During the extrusion process, the mandrel 906 may be raised out of the
expanded portions of the tubular members 902 and 915 at rates ranging, for example,
from about 0 to 5 ft/sec. During the extrusion process, the mandrel 906 is raised out of
the expanded portions of the tubular members 902 arjd 915 at rates ranging from about
0 to 2 ft/sec in order to optimally provide pulling spéed fast enough to permit efficient
operation and permit full expansion of the tubular members 902 and 915 prior to
curing of the hardenable fluidic sealing material; but not so fast that timely adjustment
of operating parambters during operation is prevented.

When the upper end portion of the tubular mémber 915 is extruded off of the
mandrel 906, the outer surface of the upper end portiion of the tubular member 915 will
preferably contact the interior surface of the lower et:&d portion of the existing casing to
form an fluid tight overlapping joint. The contact préssure of the overlapping joint
may range, for example, from approximately 50 to 20,000 psi. The contaﬁt pressure of
the overlapping joint between the upper end of the tﬁbular member 915 and the
existing section of wellbore casing ranges from approximately 400 to 10,000 psi in
order to optimally provide contact pressure to activate the sealing members and
provide optimal resistance such that the tubular mem;ber 915 and existing wellbore
casing will carry typical tensile and compressive loads.

The operating pressure and flow rate of the non hardenable fluidic material will
be controllably ramped down when the mandrel 906 feaches the upper end portion of
the tubular member 915. In this manner, the sudden release of pressure caused by the
complete extrusion of the tubular member 915 off of the expandable mandrel 906 can
be minimized. The operating pressure is reduced in a substantially linear fashion from
100% to about 10% during the end of the extrusion proccss beginning when the
mandrel 906 has completed approximately all but about the last 5 feet of the extrusion

process.
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The operating pressure and/or flow rate of the hardenable fluidic sealing
material and/or the non hardenable fluidic material are conu't;lled during all phases of
the operation of the apparatus 900 to minimize shock.

Alternatively, or in combination, a shock absorber is provided in the support
member 904 in order to absorb the shock caused by the sudden release of pressure.

Alternatively, or in combination, a mandrel catching sftructure is provided
above the support member 904 in order to catch or at least décelerate the mandrel 906.

Once the extrusion process is completed, the mandrel 906 is removed from the
wellbore. Either before or after the removal of the mandrel 906, the integrity of the
fluidic seal of the overlapping joint between the upper portion of the tubular member
915 and the lower portion of the existing casing is tested usiﬁg conventional methods.
If the fluidic seal of the overlapping joint between ihe upper portion-of the tubular '
member 915 and the lower portion of the existing casing is sitisfactory, then the
uncured portion of any of the hardenable fluidic sealing material within the expanded
tubular member 915 is then removed in a conventional manner. The hardenable fluidic
sealing material within the annular region between the expanded tubular member 915
and the existing casing and new section of wellbore is then allowed to cure.

Preferably any remaining cured hardenable fluidic sealing material within the
interior of the expanded tubular members 902 and 915 is then removed in a
conventional manner using a conventional drill string. The resulting new section of
casing preferably includes the expanded tubular members 90;’! and 915 and an outer
annular layer of cured hardenable fluidic sealing material. The bottom portion of the
apparatus 900 comprising the shoe 908 may then be removed by drilling out the shoe
908 using conventional drilling methods. |

During the extrusion prbcess, it may be necessary to r:emove the entire
apparatus 900 from the interior of the wellbore due to a malfunction. In this
circumstance, a conventional drill string is used to drill out the interior sections of the
apparatus 900 in order to facilitate the removal of the remaining sections. The interior
elements of the apparatus 900 are fabricated from materials such as, for example,
cement and aluminum, that permit a conventional drill string to be employed to drill

out the interior components.
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In particular, The composition of the interior sections of the mandrel 906 and
sh €908, including one or more of the body of cement 932, the spacer 938, the sealing
sleeve 942, the upper cone retainer 944, the ]ubricatdr mandrel 946, the lubricator
sleeve 948, the guide 950, the housing 954, the body of cement 956, the sealing sleeve
958, and the extension tube 960, are selected to permit at least some of these
components to be drilled out using conventional drilling methods and apparatus. In
this manner, in the event of a malfunction downhole, the apparatus 900 may be easily
removed from the wellbore.

Referring now to Figs. 10a, 10b, 10c, 10d, 10e, 10f, and 10g a method and
apparatus for creating a tie-back liner in a wellbore will now be described. As
illustrated in Fig. 10a, a wellbore 1600 positioned in a subterranean formation 1002
includes a first casing 1004 and a second casing 100%.

The first casing 1004 preferably includes a tubular liner 1008 and a cement
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and a
cement annulus 1014. The second casing 1006 is formed by expanding a tubular
member substantially as described above with reference to Figs. 1-9¢ or below with
reference to Figs. 11a-11f.

An upper portion of the tubular liner 1012 o\»;erlaps with a lower portion of the
tubular liner 1008. An outer surface of the upper portion of the tubular liner 1012
includes one or more sealing members 1016 for providing a fluidic seal between the
tubular liners 1008 and 1012. |

Referring to Fig. 10b, in order to create a n'e-back liner that extends from the
overlap between the first and second casings, 1004 and 1006, an apparatus 1100 is
preferably provided that includes an expandable ma;ldrel or pig 1105, a tubular
member 1110, a shoe 1115, one 4or more cup seals 1120, a fluid passage 1130, a fluid
passage 1135, one or more fluid passages 1 140, seal:s 1145, and a support member
1150.

The expandable mandrel or pig 1105 isucoupied to and supported by the support
member 1150. The expandable mandrel 1105 is preferably adapted to controllably
expand in a radial direction. The expandable mandrel 1105 may comprise any number
of conventional commercially available expandable mandrels modified in accordance

with the teachings of the present disclosure. The expandable mandrel 1105 comprises

42




10

15

20

25

30

2578%1.23.12 P74968GB0S

a hydraulic expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the
disclosure of which is incorporated herein by reference, mociiﬁcd in accordance with
the teachings of the present disclosure.

The tubular member 1110 is coupled to and supported by the expandable
mandrel 1105. The tubular member 1105 is expanded in the radial direction and
extruded off of the expandable mandrel 1105. The tubular member 1110 may be
fabricated from any number of materials such as, for exampl;, Oilfield Country
Tubular Goods, 13 chromium tubing or plastic piping. The tubular member 1110 is
fabricated from Oilfield Country Tubular Goods. |

The inner and outer diameters of the tubular member 1 110 may range, for
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively.
The inner and outer diameters of the tubular member 1110 range from about 3 to 15.5
inches and 3.5 to 16 inches, respectively in order to optimally provide coverage for
typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid
member. |

The upper end portion of the tubular member 1110 is slotted, perforated, or
otherwise modified to catch or slow down the mandrel 1105 @hen it completes the
extrusion of tubular member 1110. The length of the tubular member 1110 is limited
to minimize the possibility of buckling. For typical tubular r'nember 1110 materials,
the length of the tubular member 1110 is preferably limited to between about 40 to
20,000 feet in length.

The shoe 1115 is coupled to the expandable mandrel 1 105 and the tubular -
member 1110. The shoe 1115 includes the fluid passage 1135. The shoe 1115 may
comprise any number of conventional commercially available shoes such as, for
example, Super Seal II float shoe, Super Seal Il Down-Jet float shoe or a guide shoe
with a sealing sleeve for a latch down plug modified in acco:jdance with the teachings
of the present disclosure. The shoe 1115 comprises an aluminum down-jet guide shoe
with a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow
port available from Halliburton Energy Services in Dallas, TX modified in accordance
with the teachings of the present disclosure, in order to optinially guide the tubular
member 1100 to the overlap between the tubular member 1100 and the casing 1012,

optimally fluidicly isolate the interior of the tubular member 1100 after the latch down
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plug has seated, and optimally permit drilling out of the shoe 1115 after completion of
the expansion and cementing operations.

The shoe 1115 includes one or more side outlet ports 1140 in fluidic
communication with the fluid passage 1135. In this :manner, the shoe 1115 injects
hardenable fluidic sealing material into the region outside the shoe 1115 and tubular
member 1110. The shoe 1115 includes one or more bf the fluid passages 1140 each
having an inlet geometry that can receive a dart and/br a ball sealing member. In this
manner, the fluid passages 1140 can be sealed off b); introducing a plug, dart and/or
ball sealing elements into the fluid passage 1130.

The cup seal 1120 is coupled to and supported by the support member 1150.
The cup seal 1120 prevents foreign materials from e;itering the interior region of the
tubular member 1110 adjacent to the expandablé ma?ndrel 1105. The cup seal 1120
may comprise any number of conventional commerdially available cup seals such as,
for example, TP cups or Selective Injection Packer (:SIP) cups modified in accordance
with the teachings of the present disclosure. The cup seal 1120 comprises a SIP cup,
available from Halliburton Energy Services in Dallas, TX in order to optimally provide
a barmier to debris and contain a body of lubricant.

The fluid passage 1130 permits fluidic materials to be transported to and from
the interior region of the tubular member 1110 below the expandable mandrel 1105. -
The fluid passage 1130 is coupled to and positioned within the support member 1150
and the expandable mandrel 1105. The fluid passage 1130 preferably extends from a
position adjacent to the surface to the bottom of the expandable mandrel 1105. The
fluid passage 1130 is preferably positioned along a (;enterline of the apparatus 1100.
The fluid passage 1130 is preferably selected to tranéport materials such as cement,
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 3,000
gallons/minute and 0 to 9,000 psi in order to optimally provide sufficient operating
pressures to circulate fluids at operationally efficient rates.

The fluid passage 1135 permits fluidic materials to be transmitted from fluid
passage 1130 to the intenior of the tubular member 1:1 10 below the mandrel 1105.

The fluid passages 1140 permits fluidic mateiria]s to be transported to and from
the region exterior to the tubular member 1110 and shoe 1115. The fluid passages

1140 are coupled to and positioned within the shoe 1115 in fluidic communication
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with the interior region of the tubular member 1110 below the expandable mandrel
1105. The fluid passages 1140 preferably have a cross-sectional shape that permits a
plug, or other similar device, to be placed in the fluid passagcis 1140 to thereby block
further passage of fluidic materials. In this manner, the interior region of the tubular
member 1110 below the expandable mandrel 1105 can be fluidicly isolated from the
region exterior to the tubular member 1105. This permits the‘interior region of the
tubular member 1110 below the expandable mandrel 1105 to 'bc pressurized.

The fluid passages 1140 are preferably positioned a]oxig the periphery of the
shoe 1115. The fluid passages 1140 are preferably selected tt; convey materials such
as cement, drilling mud or epoxies at flow rates and pressurc§ ranging from about 0 to
3,000 gallons/minute and 0 to 9,000 psi in order to optimally ﬁll the annular region
between the tubular member 1110 and the tubular liner 1008 With fluidic materials.
The fluid passages 1140 include an inlet geometry that can re:ceive a dart and/or a ball
sealing member. In this manner, the fluid passages 1140 can be sealed off by
introducing a plug, dart and/or ball sealing elements into the fluid passage 1130. The
apparatus 1100 includes a plurality of fluid passage 1140.

The base of the shoe 1115 includes a single inlet pass;ge coupled to the fluid
passages 1140 that is adapted to receive a plug, or other simifar device, to permit the
interior region of the tubular member 1110 to be fluidicly isolated from the exterior of
the tubular member 1110.

The seals 1145 are coupled to and supported by a lower end portion of the
tubular member 1110. The seals 1145 are further positioned 6n an outer surface of the
lower end portion of the tubular member 1110. The seals 1 1;15 permit the overlapping
joint between the upper end portion of the casing 1012 and tﬁe lower end portion of the
tubular member 1110 to be fluidicly sealed. |

The seals 1145 may comprisé any number of convennional commercially
available seals such as, for example, lead, rubber, Teflon or 6poxy seals modified in
accordance with the teachings of the present disclosure. The seals 1145 comprise seals
molded from Stratalock epoxy available from Halliburton Eﬁergy Services in Dallas,
TX in order to optimally provide a hydraulic seal in the overiapping joint and
optimally provide load carrying capacity to withstand the range of typical tensile and

compressive loads.
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The seals 1145 are selected to optimally provide a sufficient frictional force to
support the expanded tubular member 1110 from the tubular liner 1008. The frictional
force provided by the seals 1145 ranges from about f,OOO to 1,000,000 1bf in tension
and compression in order to optimally support the e)épanded tubular member 1110.

The support member 1150 is coupled to the e%(pandable mandrel 1108, tubular
member 1110, shoe 1115, and seal 1120. The suppo;'t member 1150 preferably
comprises an annular member having sufficient strer;gth to carry the apparatus 1100
into the wellbore 1000. The support member 1150 further includes one or more
conventional centralizers (not illustrated) to help s&liilize the tubular member 1110.

A quantity of lubricant 1150 is provided in the annular region above the
expandable mandrel 1105 within the interior of the tubular member 1110. In this
manner, the extrusion of the tubular member 1110 off of the expandable mandrel 1105
is facilitated. The lubricant 1150 may comprise any number of conventional
commercially available lubricants such as, for examéle, Lubriplate, chlorine based
lubricants or Climax 1500 Antiseize (3100). The lutfm'cant 1150 comprises Climax
1500 Antiseize (3100) available from Climax Lubriciants and Equipment Co. in
Houston, TX in order to optimally provide lubricatit;n for the extrusion process.

The support member 1150 is thoroughly clca;ed prior to assembly to the
remaining portions of the apparatus 1100. In this manner, the introduction of foreign
material into the apparatus 1100 is minimized. This minimizes the possibility of
foreign material clogging the various flow passages and valves of the apparatus 1100
and to ensure that no foreign material interferes with the expansion mandrel 1105
during the extrusion process.

The apparatus 1100 includes a packer 1155 c;upled to the bottom section of the
shoe 1115 for fluidicly isolating the region of the wellbore 1000 below the apparatus
1100. In this manner, fluidic materials are prevented from entering the region of the
wellbore 1000 below the apparatus 1100. The packér 1155 may comprise any.number
of conventional commercially available packers suct; as, for example, EZ Drill Packer,
EZ SV Packer or a drillable cement retainer. The packer 1155 comprises an EZ Drill
Packer available from Halliburton Energy Services in Dallas, TX. A high gel strength
pill may be set below the tie-back in place of the paéker 1155. The packer 1155 may

be omitted.
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Before or after positioning the apparatus 1100 within the wellbore 1100, a
couple of wellbore volumes are circulated in order to ensure ?hai no foreign materials
Are located within the wellbore 1000 that might clog up the various flow passages and
valves of the apparatus 1100 and to ensure that no foreign m;terial interferes with the
operation of the expansion mandrel 1105. |

As illustrated in Fig. 10c, a hardenable fluidic sealin'g material 1160 is then
pumped from a surface location into the fluid passage 1130. The material 1160 then
passes from the fluid passage 1130 into the interior region of !the tubular member 1110
below the expandable mandrel 1105. The material 1160 theﬁ passes from the interior
region of the tubular member 1110 into the fluid passages 1140. The material 1160
then exits the apparatus 1100 and fills the annular region between the exterior of the
tubular member 1110 and the interior wall of the tubular liner 1008. Continued
pumping of the material 1160 causes the material 1160 to fill up at least a portion of
the annular region.

The material 1160 may be pumped into the annular region at pressures and flow
rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 gallons/min,
respectively. The material 1160 is pumped into the annular r:egion at pressures and
flow rates specifically designed for the casing sizes being run, the annular spaces being
filled, the pumping equipment available, and the properties of the fluid being pumped.
The optimum flow rates and pressures are preferably calculated using conventional
empirical methods.

The hardenable fluidic sealing material 1160 may comprise any number of
conventional commercially available hardenable fluidic sealihg m.aterials such as, for
example, slag mix, cement or epoxy. The hardenable fluidic Tsealing material 1160
comprises blended cements specifically designed for well section being tied-back,
available from Halliburton Energy Services in Dallas, TX in order to optimally provide
proper support for the tubular member 1110 while maintaininig optimum flow
characteristics 5o as to minimize operational difficulties during the displacement of
cement in the annular region. The optimum blend of the blended cements are

preferably determined using conventional empirical methods.
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The annular region may be filled with the material 1160 in sufficient quantities
to ensure that, upon radial expansion of the tubular member 1110, the annular region
will be filled with material 1160. ‘

As illustrated in Fig. 10d, once the annular region has been adequately filled
with material 1160, one or more plugs 1165, or other similar devices, preferably are
introduced into the fluid passages 1140 thereby fluidicly isolating the interior region of
the tubular member 1110 from the annular region ex;cma] to the tubular member 1110.
A non hardenable fluidic material 1161 is then pumpicd into the interior region of the
tubular member 1110 below the mandrel 1105 causirig the interior region to pressurize.
The one or more plugs 1165, or other similar dcvicc#, are introduced into the fluid
passage 1140 with the introduction of the non harden:able fluidic material. In this
manner, the amount of hardenable fluidic material w;thin the interior df the tubular
member 1110 is minimized. |

As illustrated in Fig. 10e, once the interior region becomes sufficiently
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 1105.
During the extrusion process, the expandable mandrefl 1105 is raised out of the
expanded portion of the tubular member 1110. |

The plugs 1165 are preferably placed into thc:ﬂuid passages 1140 by
introducing the plugs 1165 into the fluid passage 1 13;0 at a surface location in a
conventional manner. The plugs 1165 may comprisé any number of conventional
commercially available devices from plugging a fluid passage such as, for example,
brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of
the present disclosure.

The plugs 1165 comprise low density rubber balls. For a shoe 1105 having a
common central inlet passage, the plugs 1165 comprise a single latch down dart.

After placement of the plugs 1165 in the ﬂuid; passages 1140, the non
hardenable fluidic material 1161 is preferably pumpéd into the interior region of the
tubular member 1110 below the mandrel 1105 at pressures and flow rates ranging from
approximately SO0 to 9,000 psi and 40 to 3,000 galldns/min.

After placement of the plugs 1165 in the fluid passages 1140, the non hardenable
fluidic material 1161 is preferably pumped into the interior region of the tubular

member 1110 below the mandrel 1105 at pressures and flow rates ranging from
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approximately 1200 to 8500 psi and 40 to 1250 gallons/min in order to optimally
provide extrusion of typical tubulars. |

For typical tubular members 1110, the extrusion of the tubular member 1110
off of the expandable mandrel 1105 will begin when the pressure of the interior region
of the tubular member 1110 below the mandrel 1105 reaches,: for example,
approximately 1200 to 8500 psi. The extrusion of the tubular member 1110 off of the
expandable mandrel 1105 begins when the pressure of the intierior region of the tubular
member 1110 below the mandrel 1105 reaches approximately 1200 to 8500 psi.

During the extrusion process, the expandable mandrel 1105 may be raised out
of the expanded portion of the tubular member 1110 at rates l%anging, for example,
from about O to 5 ft/sec. During the extrusion process, the exbandable mandrel 1105 is
raised out of the expanded portion of the tubular member 1110 at rates ranging from
about 0 to 2 fV/sec in order to optimally provide permit adjusﬁnent of operational
parameters, and optimally ensure that the extrusion process will be completed before
the material 1160 cures.

At least a portion 1180 of the tubular member 1110 has an internal diameter
less than the outside diameter of the mandrel 1105. In this manner, when the mandrel
1105 expands the section 1180 of the tubular member 1110, at least a portion of the
expanded section 1180 effects a seal with at least the wellbor¢ casing 1012. The seal is
effected by compressing the seals 1016 between the cxpandeé section 1180 and the
wellbore casing 1012. The contact pressure of the joint betv}een the expanded section
1180 of the tubular member 1110 and the casing 1012 r_anges' from about 500 to 10,000
psi in order to optimally provide pressure to activate the sealing memi)eré 1 1.45 aﬁd ‘
provide optimal resistance to ensure that the joint will withstand typical extremes of
tensile and compressive loads.

Substantially all of the entire length of the tubular member 1110 has an internal
diameter less than the outside diameter of the mandrel 1105. iln this manner, extrusion
of the tubular member 1110 by the mandrel 1105 results in co:ntact between
substantially all of the expanded tubular member 1110 and the existing casing 1008.
The contact pressure of the joint between the expanded tubular member 1110 and the
casings 1008 and 1012 ranges from about 500 to 10,000 psi in order to optimally

provide pressure to activate the sealing members 1145 and provide optimal resistance
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to ensure that the joint will withstand typical extremés of tensile and compressive
loads.

The operating pressure and flow rate of the material 1161 is controllably
ramped down when the expandable mandrel 1105 re:aches the upper end portion of the
tubular member 1110. In this manner, the sudden release of pressure caused by the
complete extrusion of the tubular member 1110 off 6f the expandable mandrel 1105
can be minimized. The operating pressure of the fluidic material 1161 is reduced in a
substantially linear fashion from 100% to about 10%E during the end of the extrusion
process beginning when the mandrel 1105 has compieted approximately all but about §
feet of the extrusion process.

Altematively, or in combihation, a shock absérber is provided in the support
member 1150 in order to absorb the shock caused by? the sudden release of pressure.

Alternatively, or in combination, a mandrel c;tching structure is provided in the
upper end portion of the tubular member 1110 in or&r to catch or at least decelerate
the mandrel 1105.

Referring to Fig. 10f, once the extrusion process is completed, the expandable
mandrel 1105 is removed from the wellbore 1000. Either before or after the removal
of the expandable mandrel 1105, the integrity of the fluidic seal of the joint between
the upper portion of the tubular member 1110 and th; upper portion of the tubular liner
1108 is tested using conventional methods. If the ﬂﬁidic seal of the joint between the
upper portion of the tubular member 1110 and the uﬁpcr portion of the tubular liner
1008 is satisfactory, then the uncured portion of the fnaterial 1160 within the expanded
tubular member 1110 is then removed in a conventiohal manner. The material 1160
within the annular region between the tubular member 1110 and the tubular liner 1008
is then allowed to cure. 3 |

As illustrated in Fig. 10f, preferably any remaiining cured material 1160 within
the interior of the expanded tubular member 1110 is ;then removed in a conventional
manner using a conventional drill string. The resuiting tie-back liner of casing 1170
includes the expanded tubular member 1110 and an outer annular layer 1175 of cured

matenal 1160.
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As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 1100
comprising the shoe 1115 and packer 1155 is then preferably removed by drilling out
the shoe 1115 and packer 1155 using conventional drilling methods.

The apparatus 1100 incorporates the apparatus 900.

Referring now to Figs. 11a-11f, an apparatus and method for hanging a tubular
liner off of an existing wellbore casing will now be described. As illustrated in Fig.
11a, a wellbore 1200 is positioned in a subterranean fonnatic;n 1205. The wellbore
1200 includes an existing cased section 1210 having a tubulair casing 1215 and an
annular outer layer of cement 1220, |

In order to extend the wellbore 1200 into the subterrahean formation 1205, a
drill string 1225 is used in a well known manner to drill out material from the
subterranean formation 1205 to form a new section 1230. |

As illustrated in Fig. 11b, an apparatus 1300 for forming a wellbore casing in a
subterranean formation is then positioned in the new section ;:1230 of the wellbore 100.
The apparatus 1300 preferably includes an expandable mand:rel or pig 13085, a tubular
member 1310, a shoe 1315, a fluid passage 1320, a fluid pasﬁage 1330, a fluid passage
1335, seals 1340, a support member 1345, and a wiper plug i350.

The expandable mandrel 1305 is coupled to and suppt;med by the support
member 1345. The expandable mandrel 1305 is preferably adapted to controllably
expand in a radial direction. The expandable mandrel 1305 may comprise any number
of conventional commercially available expandable mandrels modified in accordance
with the teachings of the present disclosure. The expandablé mandrel 1305 comprises
a hydraulic expansion tool substantially as disclosed in U.S. i’at. No. 5,348,095, the
disclosure of which is incorporated herein by reference, modified in accordance with
the teachings of the present disclosure. |

The tubular member 1310 is coupled to and supported by the expandable
mandrel 1305. The tubular member 1310 is preferably expanded in the radial direction
and extruded off of the expandable mandrel 1305. The tubular member 1310 may be
fabricated from any number of materials such as, for example, Oilfield Country
Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic casing. The
tubular member 1310 is fabricated from OCTG. The inner and outer diameters of the

tubular member 1310 may range, for example, from approximately 0.75 to 47 inches
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and 1.05 to 48 inches, respectively. The inner and oixter diameters of the tubular
member 1310 range from about 3 to 15.5 inches and '_3.5 to 16 inches, respectively in
order to optimally provide minimal telescoping cffecit in the most commonly
encountered wellbore sizes. |

The tubular member 1310 includes an upper portion 1355, an intermediate
portion 1360, and a lower portion 1365. The wall thickness and outer diameter of the
upper portion 1355 of the tubular member 1310 rang;: from about 3/8 to 1 ¥z inches
and 3 2 to 16 inches, respectively. The wall thickness and outer diameter of the
intermediate portion 1360 of the tubular member 13 lO range from about 0.625 to 0.75
inches and 3 to 19 inches, respectively. The wall thickness and outer diameter of the
lower portion 1365 of the tubular member 1310 rmée from about 3/8 to 1.5 inches and
3.5 to0 16 inches, respectively. |

The outer diameter of the lower portion 1365 of the tubular member 1310 is
significantly less than the outer diameters of the upp;r and intermediate portions, 1355
and 1360, of the tubular member 1310 in order to op;imize the formation of a
concentric and overlapping arrangement of wellbore casings. In this manner, as will
be described below with reference to Figs. 12 and 13; a wellhead system is optimally
provided. The formation of a wellhead system does ;mt include the use of a
hardenable fluidic material. |

The wall thickness of the intermediate section 1360 of the tubular member 1310
is less than or equal to the wall thickness of the upper and lower sections, 1355 and
1365, of the tubular member 1310 in order to optimally facilitate the initiation of the
extrusion process and optimally permit the placement of the apparatus in areas of the
wellbore having tight clearances. |

The tubular member 13 10 preferably comprises a solid member. The upper end
portion 1355 of the tubular member 1310 is slotted, perforated, or otherwise modified
to catch or slow down the mandrel 1305 when it completes the extrusion of tubular
member 1310. The length of the tubular member 13110 is limited to minimize the
possibility of buckling. For typical tubular member f1310 materials, the length of the
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in

length.
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The shoe 1315 is coupled to the tubular member 1310. The shoe 1315
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise any
number of conventional commercially available shoes such as, for example, Super Seal
11 float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing sleeve for
a latch-down plug modified in accordance with the teachings; of the present disclosure.
The shoe 1315 comprises an aluminum down-jet guide shoe with a sealing sleeve for a
latch-down plug available from Halliburton Energy Services in Dallas, TX, modified
in accordance with the teachings of the present disclosure, in order to optimally guide
the tubular member 1310 into the wellbore 1200, optimally fluidicly isolate the interior
of the tubular member 1310, and optimally permit the compfete drill out of the shoe
1315 upon the completion of the extrusion and cementing operations.

The shoe 1315 further includes one or moré side outle;t ports in fluidic
communication with the fluid passage 1330. In this manner, the shoe 1315 preferably
injects hardenable fluidic sealing material into the region outside the shoe 1315 and
tubular member 1310. The shoe 1315 includes the fluid passage 1330 having an inlet.
geometry that can receive a fluidic sealing member. In this rhanner, the fluid passage
1330 can be sealed off by introducing a plug, dart and/or ball sealing elements into the
fluid passage 1330. |

The fluid passage 1320 permits fluidic matenals to bq transported to and from
the interior region of the tubular member 1310 below the exﬁandable mandrel 1305.
The fluid passage 1320 is coupled to and positioned within the support member 1345
and the expandable mandrel 1305. The fluid passage 1320 pfeferably extends froma
position adjacent to the surface to the bottom of the expandable mandrel 1305. The
fluid passage 1320 is preferably positioned along a centerline of the apparatus 1300.
The fluid passage 1320 is preferably selected to transport materials such as cement,
drilling mud, or epoxies at flow rates and pressures ranging from about 0 to 3,000
gallons/minute and 0 to 9,000 psi in order to optimally provide sufficient operating
pressures to circulate fluids at operationally efficient rates. |

The fluid passage 1330 permits fluidic materials to be transported to and from
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1330
is coupled to and positioned within the shoe 1315 in fluidic communication with the

interior region 1370 of the tubular member 1310 below the expandable mandrel 1305.
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The fluid passage 1330 preferably has a cross-sectional shape that permits a plug, or
other similar device, to be placed in fluid passage 1330 to thereby block further
passage of fluidic materials. In this manner, the interior region 1370 of the tubular
member 1310 below the expandable mandrel 1305 can be fluidicly isolated from the
region exterior to the tubular member 1310. This pénnits the interior region 1370 of
the tubular member 1310 below the expandable mandrel 1305 to be pressurized. The
fluid passage 1330 is preferably positioned substandlally along the centerline of the
apparatus 1300. :

The fluid passage 1330 is preferably selected to convey materials such as
cement, drilling mud or epoxies at flow rates and préssures ranging from about 0 to
3,000 gallons/minute and 0 to 9,000 psi in order to c;ptimally fill the annular region
between the tubular member 1310 and the new section 1230 of the wellbore 1200 with
fluidic materials. The fluid passage 1330 includes an inlet geometry that can receive a
dart and/or a ball sealing member. In this manner, the fluid passage 1330 can be
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid
passage 1320. '

The fluid passage 1335 permits fluidic materials to be transported to and from
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335
is coupled to and positioned within the shoe 1315 iniﬂuidic communication with the
fluid passage 1330. The fluid passage 1335 is preférably positioned substantially
along the centerline of the apparatus 1300. The fluid passage 1335 is preferably
selected to convey materials such as cement, drilling mud or epoxies at flow rates and
pressures ranging from about 0 to 3,000 .gallons/min;Jte and 0 to 9,000 psi in order to
optimally fill the annular region between the tubulaf member 1310 and the new section
1230 of the wellbore 1200 with fluidic materials.

The seals 1340 are coupled to and supported By the upper end portion 1355 of
the tubular member 1310. The seals 1340 are ﬁmhe!r positioned on an outer surface of
the upper end portion 1355 of the tubular member 1310. The seals 1340 permit the
overlapping joint between the lower end portion of tjhe casing 1215 and the upper
portion 1355 of the tubular member 1310 to be ﬂuidiicly sealed. The seals 1340 may
comprise any number of conventional comm'ercially: available seals such as, for

example, lead, rubber, Teflon, or epoxy seals modified in accordance with the
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teachings of the present disclosure. The seals 1340 comprise seals molded from
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order to
optimally provide a hydraulic seal in the annulus of the overlapping joint while also
creating optimal load bearing capability to withstand typical tensile and compressive
loads.

The seals 1340 are selected to optimally provide a suﬁ'lcient frictional force to
support the expanded tubular member 1310 from the existing casing 1215. The
frictional force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in
order to optimally support the expanded tubular member 1310.

The support member 1345 is coupled to the expandabie mandrel 1305, tubular
member 1310, shoe 1318, and seals 1340. The support member 1345 preferably
comprises an annular member having sufficient strength to carry the apparatus 1300
into the new section 1230 of the wellbore 1200. The support member 1345 further
includes one or more conventional centralizers (not illustrated) to help stabilize the
tubular member 1310.

The support member 1345 is thoroughly cleaned prioxj to assembly to the
remaining portions of the apparatus 1300. In this manner, the introduction of foreign
material into the apparatus 1300 is minimized. This minimizes the possibility of
foreign material clogging the various flow passages and valves of the apparatus 1300
and to ensure that no foreign material interferes with the cxpénsion process.

The wiper plug 1350 is coupled to the mandrel 1305 within the interior region
1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 1375
that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise one or
more conventional commercially available wiper plugs such as, for example, Multiple
Stage Cementer latch-down phigs, Omega latch-down plugs or three-wiper latch-down
plug modified in accordance with the teachings of the present disclosure. The wiper
plug 1350 comprises a Multiple Stage Cementer latch-down plug available from
Halliburton Energy Services in Dallas, TX modified in a coniventional manner for
releasable attachment to the expansion mandrel 1305.

Before or after positioning the apparatus 1300 within the new section 1230 of
the wellbore 1200, a couple of wellbore volumes are circulatéd in order to ensure that

no foreign materials are located within the wellbore 1200 that might clog up the
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various flow passages and valves of the apparatus 1300 and to ensure that no forei gn
material interferes with the extrusion process.

As illustrated in Fig. 11c, a hardenable ﬂuidicE sealing material 1380 is then
pumped from a surface location into the fluid paésagé 1320. The material 1380 then
passes from the fluid passage 1320, through the fluid passage 1375, and into the
interior region 1370 of the tubular member 1310 bclci»w the expandable mandrel 1305.
The material 1380 then passes from the interior regi&n 1370 into the fluid passage
1330. The material 1380 then exits the apparatus 13@0 via the fluid passage 1335 and
fills the annular region 1390 between the exterior of the tubular member 1310 and the
interior wall of the new section 1 230 of the wellbore 1200. Continued pumping of the
material 1380 causes the material 1380 to fill up at leiast a portion of the annular region
1390. A ' |

The material 1380 may be pumped into the ar;nular region 1390 at pressures
and flow rates ranging, for example, from about 0 to %SOOO psi and O to 1,500
gallons/min, respectively. The material 1380 is pumped into the annular region 1390
at pressures and flow rates ranging from about 0 to Si)OO psi and 0 to 1,500
gallons/min, respectively, in order to optimally fill thie annular region between the
tubular member 1310 and the new section 1230 of the wellbore 1200 with the
hardenable fluidic sealing material 1380. |

The hardenable fluidic sealing material 1380 may comprise any number of
conventional commercially available hardenable fluidic sealing materials such as, for
example, slag mix, cement or epoxy. The hardenablé fluidic sealing material 1380
comprises blended cements designed specifically for the well section being drilled and
available from Halliburton Energy Services in order to optimally provide support for
the tubular member 1310 during displacement of the imaterial 1380 in the annular
region 1390. The optimum blend of the cement is pr;:ferably determined using
conventional empirical methods. |

The annular region 1390 preferably is filled »\;ith the material 1380 in sufficient
quantities to ensure that, upon radial expansion of the tubular member 1310, the
annular region 1390 of the new section 1230 of the \\irellbore 1200 will be filled with
material 1380.
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As illustrated in Fig. 11d, once the annular region 1390 has been adequately
filled with material 1380, a wiper dart 1395, or other similar device, is introduced into
the fluid passage 1320. The wiper dart 1395 is preferably pumped through the fluid
passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 then
preferably engages the wiper plug 1350.

As illustrated in Fig. 11e, Engagement of the wiper dart 1395 with the wiper
plug 1350 causes the wiper plug 1350 to decouple from the rrjandrel 1305. The wiper
dart 1395 and wiper plug 1350 then preferably will lodge in the fluid passage 1330,
thereby blocking fluid flow through the fluid passage 1330, and fluidicly isolating the
interior region 1370 of the tubular member 1310 from the annular region 1390. The
non hardenable fluidic material 1381 is then pumped into the:inten'or region 1370
causing the interior region 1370 to pressurize. Once the interior region 1370 becomes
sufficiently pressurized, the tubular member 1310 is extruded off of the expandable
mandrel 1305. During the extrusion process, the expandab]e;mandrel 1305 is raised
out of the expanded portion of the tubular member 1310 by the support member 1345.

The wiper dart 1395 is preferably placed into the fluid passage 1320 by
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location in a
conventional manner. The wiper dart 1395 may comprise an!y number of conventional
commercially available devices from plugging a fluid passage such as, for example,
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three wiper
latch-down plug/dart modified in accordance with the teachixigs of the present
disclosure. The wiper dart 1395 comprises a three wiper latch-down plug modified to
latch and seal in the Multiple Stage Cementer latch down plug 1350. The three wiper
latch-down plug is available from Halliburton Energy Services in Dallas, TX.

After blocking the fluid bassage 1330 using the wiperfplug 1330 and wiper dart
1395, the non hardenable fluidic material 1381 may be pumpéd into the interior region
1370 at pressures and flow rates ranging, for example, from épproximately 0 to 5000
bsi and 0 to 1,500 gallons/min in order to optimally extrude the tubular member 1310
off of the mandrel 1305. In this manner, the amount of hardenable fluidic material
within the interior of the tubular member 1310 is minimized.

After blocking the fluid passage 1330, the non hardenable fluidic material 1381

is preferably pumped into the interior region 1370 at pressures and flow rates ranging
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from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in order to optimally
provide operating pressures to maintain . ;¢ cxpansidn process at rates sufficient to
permit adjustments to be made in operating parameters during the extrusion process.

For typical tubular members 1310, the extrus:ion of the tubular member 1310
off of the expandable mandrel 1305 will begin when the pressure of the interior region
1370 reaches, for example, approximately 500 to 9,000 psi. The extrusion of the
tubular member 1310 off of the expandable mandrel 1305 is a function of the tubular
member diameter, wall thickness of the tubular member, geometry of the mandrel, the
type of lubricant, the composition of the shoe and tu;bular member, and the yield
strength of the tubular member. The optimum flow %rate and operating pressures are
preferably determined using conventional empirical ?methods.

During the extrusion process, the expandébié mandrel 1305 may be raised out
of the expanded portion of the tubular member 13 ld at rates ranging, for ;examp]e,
from about 0 to 5 ft/sec. During the extrusion proce:ss, the expandable mandrel 1305
may be raised out of the expanded portion of the tubular member 1310 at rates ranging
from about 0 to 2 ft/sec in order to optimally providé an efficient process, optimally
permit operator adjustment of operation parameters, and ensure optimal completion of
the extrusion process before curing of the material 1.380.

When the upper end portion 1355 of the tubular member 1310 is extruded off of
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the
tubular member 1310 will preferably contact the interior surface of the lower end
portion of the casing 1215 to form an fluid tight overlapping joint. The contact
pressure of the overlapping joint may range, for exainple, from approximately 50 to
20,000 psi. The contact pressure of the overlapping joint ranges from approximately
400 to 10,000 psi in order to optimally provide contact pressure sufficient to ensure
annular sealing and provide enough resistance to wiihstmd typical tensile and
compressive loads. The sealing members 1340 willlensure an adequate fluidic and
gaseous seal in the overlapping joint.

The operating pressure and flow rate of the non hardenable fluidic material
1381 is controllably ramped down when the expm&ble mandrel 1305 reaches the
upper end portion 1355 of the tubular member 13 10}. [n this manner, the sudden

release of pressure caused by the complete extrusion of the tubular member 1310 off of
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the expandable mandrel 1305 can be minimized. The operating pressure is reduced in
a substantially linear fashion from 100% to about 10% during the end of the extrusion
process beginning when the mandrel 1305 has completed approximately all but about 5
feet of the extrusion process.

Altematively, or in combination, a shock absorber is provided in the support
member 1345 in order to absorb the shock caused by the sudden release of pressure.

Altemnatively, or in combination, a mandrel catching énucture is provided in the
upper end portion 1355 of the tubular member 1310 in order to catch or at least
decelerate the mandrel 130S.

Once the extrusion process is completed, the expandable mandrel 1305 is
removed from the wellbore 1200. ﬁiiher before or after the rémoval of the expandable
mandrel 1305, the integrity of the fluidic seal of the overlapping joint between the
upper portion 1355 of the tubular member 1310 and the lower portion of the casing
1215 is tested using conventional methods. If the fluidic seal of the overlapping joint
between the upper portion 1355 of the tubular member 1310 and the lower portion of
the casing 1215 is satisfactory, then the uncured portion of the material 1380 within the
expanded tubular member 1310 is then removed in a conventional manner. The
material 1380 within the annular region 1390 is then allowcd: to cure.

As illustrated in Fig. 11f, preferably any remaining cured material 1380 within
the interior of the expanded tubular member 1310 is then removed in a conventional
manner using a conventional drill string. The resulting new section of casing 1400
includes the expanded tubular member 1310 and an outer annular layer 1405 of cured
material 305. The bottom portion of the apparatus 1300 comprising the shoe 1315 may
then be removed by drilling out the shoe 1315 using conventibnal drilling methods.

Referring now to Figs. 12 and 13, a wellhead system 1500 formed using one or
more of the apparatus and processes described above with rcference to Figs. 1-11f will
be described. The wellhead system 1500 preferably includes a conventional Christmas
tree/drilling spool assembly 1505, a thick wall casing 1510, an annular body of cement
1515, an outer casing 1520, an annular body of cement 1525,- an intermediate casing
1530, and an inner casing 1535.

The Christmas tree/drilling spool assembly 1505 may comprise any number of

conventional Christmas tree/drilling spool assemblies such as, for example, the SS-15
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Subsea Wellhead System, Spool Tree Subsea Prodﬁction System or the Compact
Wellhead System available from suppliers such as Dril-Quip, Cameron or Breda,
modified in accordance with the teachings of the present disclosure. The drilling spool
assemnbly 1505 is preferably operably coupled to thé thick wall casing 1510 and/or the
outer casing 1520. The assembly 1505 may be coupled to the thick wall casing 1510
and/or outer casing 1520, for example, by welding, a threaded connection or made
from single stock. The assembly 1505 is coupled to the thick wall casing 1510 and/or
outer casing 1520 by welding.

The thick wall casing 1510 is positioned in the upper end of a wellbore 1540.
At least a portion of the thick wall casing 1510 cxte%hds above the surface 1545 in order
to optimally provide easy access and attachment to ihe Christmas tree/drilling spool
assembly 1505. The thick wall casing 1510 is preferably coupléd to the Christmas
tree/drilling spool assembly 1505, the annular body ‘iof cement 1515, and the outer
casing 1520.

The thick wall casing 1510 may comprise any number of conventional
commercially available high strength wellbore casin;gs such as, for example, Oilfield
Country Tubular Goods, titanium tubing or stainlessi steel tubing. The thick wall
casing 1510 comprises Qilfield Country Tubular Goods available from various foreign
and domestic steel mills. The thick wall casing 1510 has a yield strength of about
40,000 to 135,000 psi in order to optimally provide jmaximunhm 'burst, collapse, and
tensile strengths. The thick wall casing 1510 has a failure strength in excess of about
5,000 to 20,000 psi in order to optimally provide maximum operating capacity and
resistance to degradation of capacity afier being dri lied through for an extended time
period. |

The annular body of cefhent 1515 provides support for the thick wall casing
1510. The annular body of cement 1515 may be prt;vided using any number of
conventional processes for forming an annular bodyg of cement in a wellbore. The
annular body of cement 1515 may comprise any number of conventional cement
mixtures.

The outer casing 1520 is coupled to the thick wall casing 1510. The outer
casing 1520 may be fabricated from any number of conventional commercially

available tubular members modified in accordance with the teachings of the present
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disclosure. The outer casing 1520 comprises any one of the expandable tubular
members described above with reference to Figs. 1-11f.

The outer casing 1520 is coupled to the thick wall casing 1510 by expanding
the outer casing 1520 into contact with at least a portion of the interior surface of the
thick wall casing 1510 using any one of the processes and apparatus described above
with reference to Figs. 1-11f. Substantially all of the overlap of the outer casing 1520
with the thick wall casing 1510 contacts with the interior surface of the thick wall
casing 1510.

The contact pressure of the interface between the outeir casing 1520 and the
thick wall casing 1510 may range, for example, from about 500 to 10,000 psi. The
contact-pressure between the outer casing 1520 and the thick;wall casing 1510 ranges
from about 500 to 10,000 psi in order to optimally activate the pressure activated
sealing members and to ensure that the overlapping joint will optimally withstand
typical extremes of tensile and compressive loads that are exf)erienced during drilling
and production operations. ‘

As illustrated in Fig. 13, The upper end of the outer césing 1520 includes one or
more sealing members 1550 that provide a gaseous and ﬂuidic seal between the
expanded outer casing 1520 and the interior wall of the thick wall casing 1510. The
sealing members 1550 may comprise any number of conventional commercially
available seals such as, for example, lead, plastic, rubber, Teflon or epoxy, modified in
accordance with the teachings of the present disclosure. Thessealing members 1550
comprise seals molded from StrataLock epoxy available ﬁ'on;x Halliburton Energy
Services in order to optimally provide an hydraulic seal and a load bearing interference
fit between the tubular members. The contact pressure of the interface between the
thick wall casing 1510 and the outer casing 1520 ranges Fron; about 500 to 10,000 psi
in order to optimally activate the sealing members 1550 and xjtlso optimally ensure that
the joint will withstand the typical operating extremes of tensile and compressive loads
during drilling and production operations.

The outer casing 1520 and the thick walled casing 1510 are combined in one

unitary member.
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The annular body of cement 1525 provides sﬁpport for the outer casing 1520.
The annular body of cement 1525 is provided using any one of the apparatus and
processes described above with reference to Figs. 1-11f,

The intermediate casing 1530 may be coupléd to the outer casing 1520 or the
thick wall casing 1510. The intermediate casing 1530 is coupled to the thick wall
casing 1510. The intermediate casing 1530 may be fabricated from any number of
conventional commercially available tubular memb!ers modified in accordance with the
teachings of the present disclosure. The intermediate casing | 530 comprises any one
of the expandable tubular members described abové with reference to Figs. 1-11f.

The intermediate casing 1530 is coupled to ﬂle thick wall casing 1510 by
expanding at least a portion of the intermediate casijng 1530 into contact with the
interior surface of the thick wall casing 1510 using ;any one of the processes and
apparatus described above with reference to Figs. lil If. The entire length of the
overlap of the intermediate casing 1530 with the thiECk wall casing 1510 contacts the
inner surface of the thick wall casing 1510. The contact pressure of the interface
between the intermediate casing 1530 and the thick wall casing 1510 may range, for
example from about 500 to 10,000 psi. The contacti pressure between the intermediate
casing 1530 and the thick wall casing 1510 ranges from about 500 to 10,000 psi in
order to optimally activate the pressure activated serling members and to optimally
ensure that the joint will withstand typical operatiné extremes of tensile and
compressive loads experienced during drilling and i:roduction operations.

As illustrated in Fig. 13, The upper end of thie intermediate casing 1530
includes one or more sealing members 1560 that prbvide a gaseous and fluidic seal
between the expanded end of the intermediate casinig 1530 and the interior wall of the
thick wall casing 1510. The sealing members 1560: may comprise any number of
conventional commercially available seals such as, ?for example, plastic, lead, rubber,
Teflon or epoxy, modified in accordance with the teachings of the present disclosure.
The sealing members 1560 comprise seals molded from StratalLock epoxy available
from Halliburton Energy Services in order to optim:aHy provide a hydraulic seal and a
load beanng interference fit between the tubular members.

The contact pressure of the interface between the expanded end of the

intermediate casing 1530 and the thick wall casing 1510 ranges from about 500 to
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10,000 psi in order to ptimally activate the sealing members 1560 and also optimally
ensure that the joint will withstand typical operating extremes of tensile and
compressive loads that are experienced during drilling and pfoduction operations.

The inner casing 1535 may be coupled to the outer c#ing 1520 or the thick
wall casing 1510. The inner casing 1535 is coupled to the thick wall casing 1510. The
inner casing 1535 may be fabricated from any number of conventional commercially
available tubular members modified in accordance with the t;achings of the present
disclosure. The inner casing 1535 comprises any one of the expandable tubular
members described above with reference to Figs. 1-11f.

The inner casing 1535 is coupled to the outer casing 1520 by expanding at least
a portion of the inner casing 1535 into contact with the interior surface of the thick
wall casing 1510 using any one of the processes ar;d apparat@s described above with
reference to Figs. 1-11f.  The entire length of the overlap ofj the inner casing 1535
with the thick wall casing 1510 and intermediate casing 1536 contacts the inner
surfaces of the thick wall casing 1510 and intermediate casing 1530. The contact
pressure of the interface between the inner casing 1535 and the thick wall casing 1510
may range, for example from about 500 to 10,000 psi. The contact pressure between
the inner casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000
psi in order to optimally éctivate the pressure activated sealing members and to ensure
that the joint will withstand typical extremes of tensile and compressive loads that are
commonly experienced during drilling and production operations. As 1llustrated
in Fig. 13, The upper end of the inner casing 1535 includes one or more sealing
members 1570 that provide a gaseous and fluidic seal betweén the expanded end of the
inner casing 1535 and the interior wall of the thick wall casing 1510. The sealing
members 1570 may comprise ahy number of conventional commercially available
seals such as, for example, lead, plastic, rubber, Teflon or epoxy, modified in
accordance with the teachings of the present disclosure. The sealing members 1570
comprise seals molded from StrataLock epoxy available from Halliburton Energy
Services in order to optimally provide an hydraulic seal and a load bearing interference
fit. The contact pressure of the interface between the expancied end of the inner casing
1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi in order to

optimally activate the sealing members 1570 and also to optimally ensure that the joint
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will withstand typical operating extremes of tensile and compressive loads that are
experienced during drilling and production operatiox;s.

The inner casings, 1520, 1530 and 1535, may be coupled to a previously
positioned tubular member that is in turn coupled to the outer casing 1510. More
generally, the above described apparatus may be uséd to form a concentric
arrangement of tubular members. |

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a method and
apparatus for forming a mono-diameter well casing M‘thin a subterranean formation
will now be described. |

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean
formation 1605. A first section of Eésing 1610 is formed in the wellbore 1600. The
first section of casing 1610 includes an annular oute} body of cement 1615 and a
tubular section of casing 1620. The first section of casing 1610 may be formed in the
wellbore 1600 using conventional methods and appératus. The first section of casing
1610 is formed using one or more of the methods anid apparatus described above with
reference to Figs. 1-13 or below with reference to Figs. 14b-17b.

The annular body of cement 1615 may compﬁse any number of conventional
commercially available cement, or other load bcarin;g, compositions. Alternatively, the
body of cement 1615 may be omitted or replaced w%th an epoxy mixture.

The tubular section of casing 1620 prcfcrab]f includes an upper end 1625 and a
lower end 1630. Preferably, the lower end 1625 of ihc tubular section of casing 1620
includes an outer annular recess 1635 extending from the lower end 1630 of the
tubular section of casing 1620. In this manner, the lower end 1625 of the tubular
section of casing 1620 includes a thin walled sectioﬁ 1640. An annular body 1645 of a
compressible material is coupled to and at least partially positioned within the outer
annular recess 1635. In this manner, the body of co;xlpressible material 1645
surrounds at least a portion of the thin walled sectio;l 1640.

The tubular section of casing 1620 may be fébn'cated from any number of
conventional commercially available materials such as, for example, oilfield country
tubular goods, stainless steel, automotive grade steel, carbon steel, low alloy steel,
fiberglass or plastics. The tubular section of casing 1620 is fabricated from oilfield

country tubular goods available from various foreigh and domestic steel mills. The
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wall thickness of the thin walled section 1640 may range fr mabout 0.125t0 1.5
inches. The wall thickness of the thin walled section 1640 ranges from 0.25 to 1.0
inches in order to optimally provide burst strength for typical operational conditions
while also minimizing resistance to radial expansion. The axial length of the thin
walled section 1640 may range from about 120 to 2400 inches. The axial length of the
thin walled section 1640 ranges from about 240 to 480 inches.

The annular body of compressible material 1645 helpé to minimize the radial
force required to expand the tubular casing 1620 in the overlap with the tubular
member 1715, helps to create a fluidic seal in the overlap with the tubular member
1715, and helps to create an interference fit sufficient to permit the tubular member
1715 to be supported by the tubular casing 1620. The annular body of compressible
material 1645 may comprise any number of commercially available compressible
materials such as, for example, epoxy, rubber, Teflon, plastics or lead tubes. The
annular body of compressible material 1645 compnises StratalLock epoxy available
from Halliburton Energy Services in order to optimally provide an hydraulic seal in the
overlapped joint while also having compliance to thereby minimize the radial force
required to expand the tubular casing. The wall thickness of the annular body of
compressible material 1645 may range from about 0.05 to 0.7i5 inches. The wall
thickness of the annular body of compressible material 1645 irangés from about 0.1 to
0.5 inches in order to optimally provide a large compressible vzone, minimize the radial
forces required to expand the tubular casing, provide thickness for casing strings to
provide contact with the inner surface of the wellbore upon rédial expansion, and
provide an hydraulic seal.

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the
subterranean formation 1605, a drill string is used in a well known manner to drill out
material from the subterranean formation 1605 to form a new wellbore section 1650.
The diameter of the new section 1650 is preferably equal to or greater than the inner
diameter of the tubular section of casing 1620.

As illustrated in Fig. 14c, an apparatus 1700 for formiing a mono-diameter
wellbore casing in a subterranean formation is then positioned in the new section 1650
of the wellbore 1600. The apparatus 1700 preferably includes a support member 1705,
an expandable mandrel or pig 1710, a tubular member 17135, a shoe 1720, slips 1725, a
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fluid passage 1730, one or more fluid passages 1735, a fluid passage 1740, a first
compressible annular body 1745, a second compressii:le annular body 1750, and a
pressure chamber 1755. :

The support member 1705 supports the appardtus 1700 within the wellbore
1600. The support member 1705 is coupled to the mandrel 1710, the tubular member
1715, the shoe 1720, and the slips 1725. The support member 1075 preferably
comprises a substantially hollow tubular member. The fluid passage 1730 is
positioned within the support member 1705. The fluid passages 1735 fluidicly couple
the fluid passage 1730 with the pressure chamber 1755. The fluid passage 1740
fluidicly couples the fluid passage 1730 with the regibn outside of the apparatus 1700.

The support member 1705 may be fabricated from any number of conventional
commercially available materials such as, for exampie, oilfield country tubular goods,
stainless steel, low alloy steel, carbon steel, 13 chromium steel, fiberglass, or other
high strength materials. The support member 1705 ié fabricated from oilfield country
tubular goods available from various foreign and dorhestic steel mills in order to
optimally provide operational strength and facilitate the use of other standard oil
exploration handling equipment. At least a portion of the support member 1705
comprises coiled tubing or a drill pipe. The support member 1705 includes a load
shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 1755 is
unpressurized. E

The mandrel 1710 is supported by and slidingly coupled to the support member
1705 and the shoe 1720. The mandrel 1710 preferably includes an upper portion 1760
and a lower portion 1765. Preferably, the upper portion 1760 of the mandrel 1710 and
the support member 1705 together define the pressure chamber 1755. Preferably, the
lower portion 1765 of the mandrel 1710 includes an expansion member 1770 for
radially expanding the tubular member 1715. '

The upper portion 1760 of the mandrel 1710 ‘includes a tubular member 1775
having an inner diameter greater than an outer diamétcr of the support member 1705.
In this manner, an annular pressure chamber 1755 is defined by and positioned
between the tubular member 1775 and the support member 1705. The top 1780 of the
tubular member 1775 preferably includes a bearing and a sea! for sealing and

supporting the top 1780 of the tubular member 1778 against the outer surface of the
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support member 1705. The bottom 1785 of the tubular member 1775 preferably
includes a bearing and seal for sealing and supporting the bottorn 1785 of the tubular
member 1775 against the outer surface of the sﬁpport member 1705 or shoe 1720. In
this manner, the mandrel 1710 moves in an axial direction upon the pressurization of
the pressure chamber 1755.

The lower portion 1765 of the mandrel 1710 preferably includes an expansion
member 1770 for radially expanding the tubular member 1715 during the
pressurization of the pressure chamber 1755. The expansion member is expandable in
the radial direction. The inner surface of the lower portion 1765 of the mandrel 1710
mates with and slides with respect to the outer surface of the shoe 1720. The outer
diameter of the expansion member 1770 may range from aboiut 90 to 100 % of the

" inner diameter of the tubular casing 1620. The outer diameter of the expansion
i

member 1770 ranges from about 95 to 99 % of the inner diameter of the tubular casing
1620. The expansion member 1770 may be fabricated from any number of
conventional commercially available materials such as, for e{tamplc, machine tool
steel, ceramics, tungsten carbide, titanium or other high strength alloys. The expansion
member 1770 is fabricated from D2 machine tool steel in orcier to optimally provide
high strength and abrasion resistance.

The tubular member 1715 is coupled to and supported by the support member
1705 and slips 1725. The tubular member 1715 includes an hppcr portion 1790 and a
lower portion 1795. ‘

The upper portion 1790 of the tubular member 1715 preferably includes an
inner annular recess 1800 that extends from the upper portion; 1790 of the tubular
member 1715. In this manner, at least a portion of the upper portion 1790 of the
tubular member 1715 includes a thin walled section 1805. T:he first compressible
annular member 1745 is preferably coupled to and supponed by the outer surface of
the upper portion 1790 of the tubular member 1715 in opposing relation to the thin
wall section 1805. |

The lower portion 1795 of the tubular member 1715 preferably includes an
outer annular recess 1810 that extends from the lower portion 1790 of the tubular
member 1715. In this manner, at least a portion of the lower portion 1795 of the

tubular member 1715 includes a thin walled section 1815. The second compressible
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annular member 1750 is coupled to and at least partially supported within the outer
annular recess 1810 of the upper portion 1790 of the itubular member 1715 in opposing
relation to the thin wall section 1815. :

The tubular member 1715 may be fabricated from any number of conventional
commercially available materials such as, for example, oilfield country tubular goods,
stainless steel, low alloy steel, carbon steel, automotive grade steel, fiberglass, 13
chrome steel, other high strength material, or high strength plastics. The tubular
member 1715 is fabricated from oilfield country tubular goods available from various
foreign and domestic steel mills in order to optimally provide operational strength.

The shoe 1720 is supported by and coupled to the support member 1705. The
shoe 1720 preferably comprises a substantially hollow tubular member. The wall
thickness of the shoe 1720 is greater than the wall thickness of the support member
1705 in order to optimally provide increased radial support to the mandre] 1710. The
shoe 1720 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, stainless steel,
automotive grade steel, low alloy steel, carbon steel, or high strength plastics. The
shoe 1720 is fabricated from oilfield country tubular goods available from various
foreign and domestic steel mills in order to optimally provide matching operational
strength throughout the apparatus. _ :

The slips 1725 are coupled to and supported by the support member 1705. The
slips 1725 removably support the tubular member 1715. In this manner, during the
radial expansion of the tubular member 1715, the slips 1725 help to maintain the
tubular member 1715 in a substantially stationary pésition by preventing upward
movement of the tubular member 1715. :

The slips 1725 may corﬂprise any number of conventional commercially
available slips such as, for example, RTTS packer tungsten carbide mechanical slips,
RTTS packer wicker type mechanical slips, or ModSeI 3L retrievable bridge plug
tungsten carbide upper mechanical slips. The slips 1725 comprise RTTS packer
tungsten carbide mechanical slips available from Halliburton Energy Services. The
slips 1725 are adapted to support axial forces rangit%g from about 0 to 750,000 Ibf.

The fluid passage 1730 conveys fluidic materials from a surface location into

the interior of the support member 1705, the pressui'e chamber 1755, and the region
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exterior of the apparatus 1700. The fluid passage 1730 is fluidicly coupled to the
pressure chamber 1755 by the fluid passages 1735. The ﬂufd passage 1730 is fluidicly
coupled t the region exterior to the apparatus 1700 by the fluid passage 1740.

The fluid passage 1730 is adapted to convey fluidic @ateﬁals such as, for
example, cement, epoxy, drilling muds, slag mix, water or dﬁlling gasses. The fluid
passage 1730 is adapted to convey fluidic materials at flow rate and pressures ranging
from about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in arder to optimally provide
flow rafes and operational pressures for the radial expansion iprocesses.

The fluid passages 1735 convey fluidic material from: the fluid passage 1730 to
the pressure chamber 1755. The fluid passage 1735 is adaptéd to convey fluidic
materials such as, for example, ccméﬁt, epoxy, drilling mudé, water or drilling gasses.
The fluid passage 1735 is adapted to convey fluidic matcrialfs at flow rate and
pressures ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to
optimally provide operating pressures and flow rates for the various expansion
processes.

The fluid passage 1740 conveys fluidic materials from the fluid passage 1730 to
the region exterior to the apparatus 1700. The fluid passage 1740 is adapted to convey
fluidic materials such as, for example, cement, epoxy, drilling muds, water or drilling
gasses. The fluid passage 1740 is adapted to convey fluidic materials at flow rate and
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in order to
optimally provide operating pressures and flow rates for the various radial expansion
processes.

The fluid passage 1740 is adapted to receive a plug or other similar device for
sealing the fluid passage 1740. In this manner, the pressure ¢hamber 1755 may be
pressurized. '

The first compressible annular body 1745 is coupled to and supported by an
exterior surface of the upper portion 1790 of the tubular member 1715. The first
compressible annular body 1745 is positioned in opposing re!ation to the thin walled
section 1805 of the tubular member 1715.

The first compressible annular body 1745 helps to minimize the radial force
required to expand the tubular member 1715 in the overlap with the tubular casing

1620, helps to create a fluidic seal in the overlap with the tubular casing 1620, and
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helps to create an interference fit sufficient to permit the tubular member 1715 to be
supported by the tubular casing 1620. The first combressible annular body 1745 may
comprise any number of commercially available corr;pressible materials such as, for
example, epoxy, rubber, Teflon, plastics, or hollow lead tubes. The first compressible
annular body 1745 comprises StrataLock epoxy available from Halliburton Energy
Services in order to optimally provide an hydraulic seal, and compressibility to
minimize the radial expansion force. |

The wall thickness of the first compressible annular body 1745 may range from
about 0.05 to 0.75 inches. The wall thickness of the first compressible annular body
1745 ranges from about 0.1 to 0.5 inches in order to optimally (1) provide a large
compressible zone, (2) minimize the required radial expansion force, (3) transfer the
radial force to the tubular casings. As a result, 0vcr5]l the outer diameter of the
tubular member 1715 is approximately equal to the overall inner diameter of the
tubular member 1620.

The second compressible annular body 1750 is coupled to and at least partially
supported within the outer annular recess 1810 of the tubular member 1715. The
second compressible annular body 1750 is positioned in opposing relation to the thin
walled section 1815 of the tubular member 1715.

The second compressible annular body 1750 ‘helps_ to minimize the radial force
required to expand the tubular member 1715 in the dverlap with another tubular
member, helps to create a fluidic seal in the overlap bf the tubular member 1715 with
another tubular member, and helps to create an interference fit sufficient to permit
another tubular member to be supported by the tubular member 1715. The second
compressible annular body 1750 may comprise any ﬁumber of commercially available
compressible materials such as, for example, epoxy, rubber, Teflon, plastics or hollow
lead tubing. The first compressible annular body 1750 comprises Stratal.ock epoxy
available from Halliburton Energy Services in order; to optimally provide an hydraulic
seal in the overlapped joint, and compressibility that minimizes the radial expansion
force. |

The wall thickness of the second compressible annular body 1750 may range
from about 0.05 to 0.75 inches. The wall thickness of the second compressible

annular body 1750 ranges from about 0.1 to 0.5 inches in order to optimally provide a
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large compressible zone, and minimize the radial force required to expand the tubular
member 1715 during subsequent radial expansion operaﬁoné.

The outside diameter of the second compressible annular body 1750 is adapted
to provide a seal against the surrounding formation thereby élirrﬁnating the need for an
outer annular body of cement. .

The pressure chamber 1755 is fluidicly coupled to the fluid passage 1730 by the
fluid passages 1735. The pressure chamber 1755 is preferably adapted to receive
fluidic matenials such as, for example, drilling muds, water or drilling gases. The
pressure chamber 1755 is adapted to receive fluidic material; at flow rate and pressures
ranging from about 0 to 500 gallons/minute and 0 to 9,000 pﬁi. in order to optimally
provide expansion pressure. During pressurization of the pressure chamber 1755, the
operating pressure of the pressure chamber ranges from abox;t 0 to 5,000 psi in order to
optimally provide expansion pressure while minimizing the possibility of a
catastrophic failure due to over pressurization. |

As illustrated in Fig. 14d, the apparatus 1700 is prefefably positioned in the
wellbore 1600 with the tubular member 1715 positioned in an overlapping relationship
with the tubular casing 1620. The thin wall sections, 1640 all'ld 1805, of the tubular
casing 1620 and tubular member 1725 are positioned in opposing overlapping relation.
In this manner, the radial expansion of the tubular member 1;725 will compress the thin
wall sections, 1640 and 1805, and annular compressible mexﬁbers, 1645 and 1745, into
intimate contact. _ ‘

After positioning of the apparatus 1700, a fluidic mat;erial 1825 is then pumped
into the fluid passage 1730. The fluidic material 1825 may @mpﬁse any number of
conventional commercially available materials such as, for example, water, drilling
mud, drilling gases, cement or epoxy. The fluidic material 1825 comprises a
hardenable fluidic sealing material such as, for example, cement in order to provide an
outer annular body around the expanded tubular member 1715.

The fluidic matenal 1825 may be pumped into the ﬂu:id passage 1730 at
operating pressures and flow rates, for example, ranging from about 0 to 9,000 psi and
0 to 3,000 gallons/minute. _

The fluidic matenial 1825 pumped into the fluid passage ! 730 passes through
the fluid passage 1740 and outside of the apparatus 1700. The fluidic material 1825
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fills the annular region 1830 between the outside of the apparatus 1700 and the interior
walls of the wellbore 1600.

As illustrated in Fig. 14e, a plug 1835 is then introduced into the fluid passage
1730. The plug 1835 lodges in the inlet to the fluid ]Sassagc 1740 fluidicly isolating
and blocking off the fluid passage 1730. '

A fluidic material 1840 is then pumped into time fluid passage 1730. The fluidic
material 1840 may comprise any number of conventional commercially available
materials such as, for example, water, drilling mud or drilling gases. The fluidic
material 1825 comprises a non-hardenable fluidic material such as, for example,
drilling mud or drilling gases in order to optimally p!rovide pressurization of the
pressure chamber 1755. :

The fluidic material 1840 may‘be pumped into the fluid passage 1730 at
operating pressures and flow rates ranging, for examb]e, from about 0 to 9,000 psi and
0 to 500 gallons/minute. The fluidic material 1840 is pumped into the fluid passage
1730 at operating pressures and flow rates ranging Hom about 500 to 5,000 psi and 0
to 500 gallons/minute in order to optimally provide operating pressures and flow rates
for radial expansion. |

The fluidic material 1840 pumped into the fluid passage 1730 passes through
the fluid passages 1735 and into the pressure chambér 1755. Continued pumping of
the fluidic material 1840 pressurizes the pressure chamber 1755. The pressurization of
the pressure chamber 1755 causes the mandrel 171 0 to move relative to the support
member 1705 in the direction indicated by the arrows 1845. In this manner, the
mandrel 1710 will cause the tubular member 1715 to expand in the radial direction.

During the radial expansion process, the tubular member 1715 is prevented
from moving in an upward direE:tion by the slips 1725. A length of the tubular member
1715 is then expanded in the radial direction througﬁ the pressurization of the pressure
chamber 1755. The length of the tubular member 17il 5 that is expanded during the
expansion process will be proportional to the stroke length of the mandrel 1710. Upon
the cbmpletion of a stroke, the operating pressure of the pressure chamber 1755 is then
reduced and the mandrel 1710 drops to it rest position with the tubular member 1715
supported by the mandrel 1715. The position of the support member 1705 may be

adjusted throughout the radial expansion process in order to maintain the overlapping
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relationship between the thin walled sections, 1640 and 1805, of the tubular casing
1620 and tubular member 1715. The stroking f the mandrel 1710 is then repeated, as
necessary, until the thin walled section 1805 of the tubular membcr 1715 is expanded
into the thin walled section 1640 of the tubular casing 1620.

During the final stroke of the mandrel 1710, the slips'1725 are positioned as
close as possible to the thin walled section 1805 of the tubular member 1715 in order
minimize slippage between the tubular member 1715 and tubular casing 1620 at the
end of the radial expansion procéss. Alternatively, or in addition, the outside diameter
of the first compressive annular member 1745 is selected to ensure sufficient
interference fit with the tubular casing 1620 to prevent axial displacement of the
tubular member 1715 during the final stroke. Alternatively, .or’in addition, the outside
diameter of the second compressive annular body 1;250 is large enough to provide an
interference fit with the inside walls of the wellbore 1600 at an earlier point in the
radial expansion process so as to prevent further axial displacement of the tubular
member 1715. In this final alternative, the interference fit is preferably selected to
permit expansion of the tubular member 1715 by pulling the mandrel 1710 out of the
wellbore 1600, without having to pressurize the pressure cha!nber 1755.

During the radial expansion process, the pressurized éreas of the apparatus
1700 are limited to the fluid passages 1730 within the support member 1705 and the
pressure chamber 1755 within the mandrel 1710. No fluid pléessure acts directly bn the
tubular member 1715. This permits the use of operating preisures higher than the
tubular member 1715 could normally withstand. ,

Once the tubular member 1715 has been completely expanded off of the
mandrel 1710, the support member 1705 and mandrel 1710 are removed from the
wellbore 1600. The contact pressure between the deformed thin wall sections, 1640
and 1805, and compressible annular members, 1645 and 1745, ranges from about 400
to 10,000 psi in order to optimally support the tubular membér 1715 using the tubular
casing 1620, -

In this manner, the tubular member 1715 is radially expanded into contact with
the tubular casing 1620 by pressurizing the interior of the ﬂui;d passage 1730 and the

pressure chamber 1755.
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As illustrated in Fig. 14f, Once the tubular m!ember 1715 is completely
expanded in the radial direction by the mandrel 1710, the support member 1705 and
mandre! 1710 are removed from the wellbore 1600. The annular body of hardenable
fluidic material is then allowed to cure to form a rigid outer annular body 1850. In the
case where the tubular member 1715 is slotted, the l{ardenable fluidic material will
preferably permeate and envelop the expanded tubuliu member 1715.

The resulting new section of wellbore casing 1855 includes the expanded
tubular member 1715 and the rigid outer annular bo&y 1850. The overlapping joint
1860 between the tubular casing 1620 and the expan;ied tubular member 1715 includes
the deformed thin wall sections; 16"40 and 1805, andt the compressible annular bodies,
1645 and 1745. The inner diameter of the resulting #ombined wellbore casings is
substantially constant. In this manner, a mono-diaméter wellbore casing is formed.
This process of expanding overlapping tubular members having thin wall end portions
with compressible annular bodies into contact can bé repeated for the entire length of a
wellbore. In this manner, a mono-diameter wellbore casing can be provided for
thousands of feet in a subterranean formation. |

Referring now to Figures 15, 15a and 15b, an apparatus 1900 for expanding a
tubular member will be described. The apparatus 19:00 preferably includes a drillpipe
1905, an innerstring adapter 1910, a sealing sleeve 1?1 5, an inner sealing mandrel
1920, an upper sealing head 1925, a lower sealing head 1930, an outer sealing mandrel
1935, a load mandrel 1940, an expansion cone 1945; a mandrei launcher 1950, a
mechanical slip body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and
fluid passages 1975, 1980, 1985, and 1990.

The drillpipe 1905 is coupled to the innerstring adapter 1910. During operation
of the apparatus 1900, the drillpipe 1905 supports th; apparatus 1900. The drillpipe
1905 preferably comprises a substantially hollow tuBular member or members. The
drillpipe 1905 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tubular drillpipe, fiberglass or
coiled tubing. The drillpipe 1905 is fabricated from coiled tubing in order to facilitate
the placement of the apparatus 1900 in non-vertical Wellbores. The drillpipe 1905 may
be coupled to the innerstring adapter 1910 using any number of conventional

commercially available mechanical couplings such as, for example, drillpipe
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connectors, OCTG specialty type box and pin connectors, a ratchet-latch type

~connector or a standard box by pin connector. The drillpipe 1905 is removably

coupled to the innerstring adapter 1910 by a drillpipe connection.

The drillpipe 1905 preferably includes a fluid passage 1975 that is adapted to
convey fluidic materials from a surface location into the fluid passage 1980. The fluid
passage 1975 is adapted to convey fluidic materials such as, Ifor example, cement,
drilling mud, epoxy or lubricants at operating pressures and flow rates ranging from
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. _

The innerstring adapter 1910 is coupled to the drill string 1905 and the sealing
sleeve 1915. The innerstring adapter 1910 preferably compﬁses a substantially hollow
tubular member or members. The innerstring adapter 1910 may be fabricated from
any number of conventional commercially available material;s such as, for example, oil
country tubular goods, low alloy steel, carbon steel, stainless steel or other high
strength materials. The innerstring adapter 1910 is fabn'cated from oilfield country
tubular goods in order to optimally provide mechanical propérties that closely match
those of the drill string 1905. |

The innerstring adapter 1910 may be coupled to the drill string 1905 using any
number of conventional commercially available mechanical ¢ouplings such as, for
example, drillpipe connectors, oilfield country tubular goods specialty type threaded
connectors, ratchet-latch type stab in connector, or a standard threaded connection.
The innerstring adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe
connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 1915
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country t'ubulari goods specialty type
threaded connector, ratchet-latch type stab in connectors, or a standard threaded
connection. The innerstring adapter 1910 is removably coupled to the sealing sleeve
1915 by a standard threaded connection. _

The innerstring adapter 1910 preferably includes a fluid passage 1980 that is-
adapted to convey fluidic materials from the fluid passage 1975 into the fluid passage
1985. The fluid passage 1980 is adapted to convey fluidic materials such as, for
example, cement, drilling mud, epoxy, or lubricants at operating pressures and flow

rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.
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The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and the inner
sealing mandrel 1920. The sealing sl eve 1915 preferably comprises a substantially
hollow tubular member or members. The sealing sleeve 1915 may be fabricated from
any number of conventional commercially available materials such as, for example,
oilfield country tubular goods, carbon steel, low alloy' steel, stainless steel or other high
strength materials. The sealing sleeve 1915 is fabricated from oilfield country tubular
goods in order to optimally provide mechanical propénies that substantially match the
remaining components of the apparatus 1900. |

The sealing sleeve 1915 may be coupled to thé innerstring adapter 1910 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, ratchet-latch type stab in connection, or a standard threaded connection.
The sealing sleeve 19185 is removably coupled to the innerstring adapter 1910 by a
standard threaded connection. The sealing sleeve 1915 may be coupled to the inner
sealing mandrel 1920 using any number of conventional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, or a standard threaded connection.
The sealing sleeve 1915 is removably coupled to the inner sealing mandrel 1920 by a
standard threaded connection.

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is adapted
to convey fluidic materials from the fluid passage 1980 into the fluid passage 1990.
The fluid passage 1985 is adapted to convey fluidic materials such as, for example,
cement, drilling mud, epoxy or lubricants at operating pressures and flow rates ranging
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and the
lower sealing head 1930. The inner sealing mandrel 1920 preferably comprises a
substantially hollow tubular member or members. The inner sealing mandre) 1920
may be fabricated from any number of conventional commercially-available matenials
such as, for example, oilfield country tubular goods, stainless steel, low alloy steel,
carbon steel or other similar high strength materials.; The inner sealing mandrel 1920
is fabricated from stainless steel in order to optimally provide mechanical properties

similar to the other components of the apparatus 1900 while also providing a smooth
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outer surface to support seals and other moving parts that can operate with minimal
wear, corr sion and pitting, '

The inner sealing mandrel 1920 may be coupled to the sealing sleeve 1915
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, or a standard threaded connection . The inner sealing mandrel
1920 is removably coupled to the sealing sleeve 1915 by a standard threaded
connections. The inner sealing mandrel 1920 may be coupled to the lower sealing
head 1930 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield bountry tubular goods
specialty type threaded connection, ratchet-latch type stab in connectors or standard
threaded connections. The inner sealing mandrel 1920 is removably coupled to the
lower sealing head 1930 by a standard threaded connections éonnection.

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 that is
adapted to convey fluidic materials from the fluid passage 1985 into the fluid passage
1995. The fluid passage 1990 is adapted to convey fluidic matenials such as, for
example, cement, drilling mud, epoxy or lubricants at operating pressures and flow
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallon&/minute.

The upper sealing head 1925 is coupled to the outer séaling mandrel 1935 and
the expansion cone 1945. The upper sealing head 1925 is also movably coupled to the
outer surface of the inner sealing mandrel 1920 and the inner surface of the casing
1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and
the expansion cone 1945 reciprocate in the axial direction. The radial clearance
between the inner cylindrical surface of the upper sealing head 1925 and the outer
surface of the inner sealing mandre] 1920 may range, for exa:mple, from about 0.025 to
0.05 inches. The radial clearance between the inner cylindriéal surface of the upper
sealing head 1925 and the outer surface of the inner sealing mandrel 1920 ranges ﬁom
about 0.005 to 0.01 inches in order to optimally provide clearance for pressure seal
placement. The radial clearance between the outer cylindrical surface of the upper
sealing head 1925 and the inner surface of the casing 1970 may range, for example,
from about 0.025 to 0.375 inches. The radial clearance between the outer cylindrical

surface of the upper sealing head 1925 and the inner surface of the casing 1970 ranges
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from about 0.025 to 0.125 inches in order to optimaily provide stabilization for the
expansion cone 1945 as the expansion cone 1945 is ppwardly moved inside the casing
1970.

The upper sealing head 1925 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. The upper sealing head 1925 may be
fabricated from any number of conventional comme}cially available materials such as,
for example, oilfield country tubular goods, stainless: steel, machine tool steel, or
similar high strength materials. The upper sealing h;ead 1925 is fabricated from
stainless steel in order to optimally provide high stre%ngth and smooth outer surfaces
that are resistant to wear, galling, corrosion and pittibg.

The inner surface of the upper sealing head 1925 preferably includes one or
more annular sealing members 2000 for sealing the interface between the upper sealing
head 1925 and the inner sealing mandrel 1920. The sealing members 2000 may
comprise any number of conventional commerciallyfavailablc annular sealing
members such as, for example, o-rings, polypak sealp or metal spring energized seals. -
The sealing members 2000 comprise polypak seals available from Parker Seals in
order to optimally provide sealing for a long axial mption.

The upper sealing head 1925 includes a shoul:der 2005 for supporting the upper
sealing head 1925 on the lower sealing head 1930.

The upper sealing head 1925 may be coupled; to the outer sealing mandrel 1935
using any number of conventional commercially ava;i]able mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, or a standard threaded connections. The upper sealing head 1925
is removably coupled to the outer sealing mandrel 1935 by a standard threaded
connections. The mechanical ébupling between the upper sealing head 1925 and the
outer sealing mandrel 1935 includes one or more sea:ling members 2010 for fluidicly
sealing the interface between the upper sealing head 1925 and the outer sealing
mandrel 1935. The sealing members 2010 may comprise any number of conventional
commercially available sealing members such as, for example, o-rings, polypak seals
or metal spring energized seals. The sealing members 2010 comprise polypak seals
available from Parker Scals in order to optimally provide sealing for a long axial

stroking motion.
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The lower scaling head 1930 is coupled to the inner sealing mandrel 1920 and
the load mandrel 1940. The lower sealing head 1930 is also rﬁovably coupled to the
inner surface of the outer sealing mandrel 1935. In this manner, the upper sealing head
1925 and outer sealing mandrel 1935 reciprocate in the axial &irection. The radial
clearance between the outer surface of the lower sealing head 1930 and the inner
surface of the outer sealing mandrel 1935 may range, for exani\ple, from about 0.025 to
0.05 inches. The radial clearance between the outer surface o:f the lower sealing head
1930 and the inner surface of the outer sealing mandrel 1935 ranges from about 0.005
to 0.010 inches in order to optimally provide a close tolerance having room for the
installation of pressure seal rings. |

The lower sealing head l936"preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. The lower sealing head 1930 may be
fabricated from any number of conventional commercially aviailable materials such as,
for example, oilfield country tubular goods, stainless steel, m;achine tool steel or other
similar higﬁ strength materials. The lower sealing head 1930 is fabricated from
stainless steel in order to optimally provide high strength and resistance to wear,
galling, corrosion, and pitting. .

The outer surface of the lower sealing head 1930 preférably includes one or
more annular sealing members 2015 for sealing the interface between the lower sealing
head 1930 and the outer sealing mandrel 1935. The sealing members 2015 may
comprise any number of conventional commercially available annular sealing
members such as, for example, o-rings, polypak seals, or mct;ll spring energized seals.
The sealing members 2015 comprise polypak seals available from Parker Seals in
order to optimally provide sealing for a long axial stroke. 4

The lower sealing head 1930 may be coupled to the inner sealing mandrel 1920
using any number of conventional commercially available méchanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, welding, amorphous bonding or a standard threaded connection.
The lower sealing head 1930 is removably coupled to the inner sealing mandrel 1920
by a standard threaded connection. '

The mechanical coupling between the lower sealing head 1930 and the inner

sealing mandrel 1920 includes one or more sealing members 2020 for fluidicly sealing

79




10

15

20

25

30

25791.23.12 P74968GB0O5S

the interface between the lower sealing head 1930 ané the inner sealing mandrel 1920.
The sealing members 2020 may comprise any numbei of conventional commercially
available sealing members such as, for example, o-rinégs, polypak seals, or metal spring
energized seals. The sealing members 2020 compn'sé polypak seals available from
Parker Seals in order to optimally provide sealing for a long axial motion.

The lower sealing head 1930 may be coupled 1o the load mandrel 1940 using
any number of conventional commercially available llvnechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connections, welding, amorphous bonding or a standird threaded connection. The
lower sealing head 1930 is removably coupled to the load mandrel 1940 by a standard
threaded connection. The mechanical coupling bet\\ieen the lower sealing head 1930
and the load mandrel 1940 includes one or more sealing members 2025 for fluidicly
sealing the interface between the lower sealing head i930 and the load mandrel 1940.
The sealing members 2025 may comprise any numbér of conventional commercially
available sealing members such as, for example, o-rings, polypak seals, or metal spring
energized seals. The sealing members 2025 comprisé polypak seals available from
Parker Seals in order to optimally provide sealing for a long axial stroke.

The lower sealing head 1930 includes a throat passage 2040 fluidicly coupled
between the fluid passages 1990 and 1995. The throtat passage 2040 is preferably of
reduced size and is adapted to receive and engage with a plug 2045, or other similar
device. In this manner, the fluid passage 1990 is ﬂuildicly isolated from the fluid
passage 1995. In this manner, the pressure chamber 5030 is pressurized.

The outer sealing mandrel 1935 is coupled to the upper sealing head 1925 and
the expansion cone 1945. The outer sealing mandrei 1935 is also movably coupled to
the inner surface of the casing 1970 and the outer surface of the lower sealing head
1930. In this manner, the upper sealing head 1925, &;uter sealing mandrel 1935, and
the expansion cone 1945 reciprocate in the axial diréction. The radial clearance
between the outer surface of the outer sealing mandfei 1935 and the inner surface of
the casing 1970 may range, for example, from about 0.025 to 0.375 inches. The radial
clearance between the outer surface of the outer sealfng mandrel 1935 and the inner
surface of the casing 1970 ranges from about 0.025 t:o 0.125 inches in order to

optimally provide maximum piston surface area to maximize the radial expansion
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force. The radial clearance between the inner surface f the outer sealing mandrel

1935 and the outer surface of the lower sealing head 1930 may range, for example,
from about 0.025 to 0.05 inches. The radial clearance between the inner surface of the
outer sealing mandrel 1935 and the outer surface of the lower sealing head 1930 ranges
from about 0.005 to 0.010 inches in order to optimally provide a minimum gap for the
sealing elements to bridge and seal. .

The outer sealing mandrel 1935 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. Thg outer sealing mandrel
1935 may be fabricated from any number of conventional commercially available
materials such as, for example, low alloy steel, carbon steel, 13 chromijum steel or
stainless steel. The outer sealing mandrel 1935 is fabricated from stainless steel in
order to optimally provide maximum strength and minimum wall thickness while also
providing resistance to corrosion, galling and pitting. |

The outer sealing mandrel 1935 may be coupled to the upper sealing head 1925
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular: goods specialty type
threaded connection, standard threaded connections, or weldihg. The outer sealing
mandrel 1935 is removably coupled to the upper sealing head 1925 by a standard
threaded connections connection. The outer sealing mandrel 1935 may be coupled to
the expansion cone 1945 using any number of conventional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, or a standafd threaded connections
connection, or welding. The outer sealing mandrel 1935 is re'movably coupled to the
expansion cone 1945 by a standard threaded connections conhection.

The upper sealing head 1925, the lower sealing head 1930, the inner sealing
mandrel 1920, and the outer sealing mandrel 1935 together d#ﬁne a pressure chamber
2030. The pressure chamber 2030 is fluidicly coupled to the i:assage 1990 via one or
more passages 2035. During operation of the apparatus 1900:, the plug 2045 engages
with the throat passage 2040 to fluidicly isolate the fluid passage 1990 from the fluid
passage 1995. The pressure chamber 2030 is then pressurized which in turn causes the

upper sealing head 1925, outer sealing mandrel 1935, and exéansion cone 1945 to
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reciprocate in the axial direction. The axial motion of the expansion cone 1945 in turn
expands the casing 1970 in the radial direction.

The load mandrel 1940 is coupled to the lower sealing head 1930 and the
mechanical slip body 1955. The load mandrel 1940 preferably comprises an annular
member having substantially cylindrical inner and outer surfaces. The load mandrel
1940 may be fabricated from any number of conveniional commercially available
materials such as, for example, oilfield country tubuiar goods, low alloy steel, carbon
steel, stainless steel or other similar high strength materials. The load mandrel 1940 is
fabricated from oilfield country tubular goods in order to optimally provide high
strength. 5

The load mandrel 1940 may be coupled to the lower sealing head 1930 using

" any number of conventional commercially available mechanical couplings such as, for

example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, welding, amorphous bonding or a standliud threaded connection. The load
mandrel 1940 is removably coupled to the lower seziling head 1930 by a standard
threaded connection. The load mandrel 1940 may be coupled to the mechanical slip
body 1955 using any number of conventional commercially available mechanical
couplings such as, for example, a drillpipe connection, oilfield country tubular goods
specialty type threaded connections, welding, amorphous bonding, or a standard
threaded connections connection. The load mandrei 1940 is removably coupled to the
mechanical slip body 1955 by a standard threaded cionnections connection.

The load mandrel 1940 preferably includes a fluid passage 1995 that is adapted
to convey fluidic materials from the fluid passage 1990 to the region outside of the
apparatus 1900. The fluid passage 1995 is adapted Eto convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud, or lubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi ana 0 to 3,000 gallons/minute.

The expansion cone 1945 is coupled to the outer sealing mandrel 1935. The
expansion cone 1945 is also movably coupled to th¢ inner surface of the casing 1970.
In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and the
expansion cone 1945 reciprocate in the axial direction. The reciprocation of the

expansion cone 1945 causes the casing 1970 to expand in the radial direction.
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The expansion cone 1945 preferably comprises an annular member having
substantially cylindrical inner and conical outer surfaces. Thé outside radius of the
outside conical surface may range, for example, from about 2t034 inches. The
outside radius of the outside conical surface ranges from about 3 to 28 inches in order
to optimally provide cone dimensions for the typical range of tubular members.

The axial length of the expansion cone 1945 may rmée, for example, from
about 2 to 8 times the largest outer diameter of the expansionAcone 1945. The axial
length of the expansion cone 1945 ranges from about 3 to 5 times the largest outer
diameter of the expansion cone 1945 in order to optimally prévide stability and
centralization of the expansion cone 1945 during the expansion process. The angle of
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to
optimally balance friction forces with the desired amount of radial expansion. The
expansion cone 1945 angle of attack will vary as a function of the operating
parameters of the particular expansion operation.

The expansion cone 1945 may be fabricated from any number of conventional
commercially available materials such as, for example, machine tool steel, ceramics,
tungsten carbide, nitride steel, or other similar high strength materials. The expansion
cone 1945 is fabricated from D2 machine tool steel in order to optimally provide high
strength and resistance to corrosion, wear, galling, and pitting. The outside surface of
the expansion cone 1945 has a surface hardness ranging froni about 58 to 62 Rockwell
C in order to optimally provide high strength and resist wear jand galling.

The expansion cone 1945 may be coupled to the outside sealing mandrel 1935
using any number of conventional commercially available méchanical couplings such
as, for example, drillpipe connection, oilfield tubular countryi goods specialty type
threaded connection, welding, amorphous bonding, or a standard threaded connections
connection. The expansion cone 1945 is coupled to the ouiside sealing mandrel] 1935
using a standard threaded connections connection in order toioptimally provide
connector strength for the typical operating loading conditions while aiso permitting
casy replacement of the expansion cone 1945.

The mandre! launcher 1950 is coupled to the casing 1970. The mandrel
launcher 1950 comprises a tubular section of casing having 5 reduced wall thickness

compared to the casing 1970. The wall thickness of the mandrel launcher is about 50
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to 100 % of the wall thickness of the casing 1970. In this manner, the initiation of the
radial expansion of the casing 1970 is facilitated, and the insertion of the larger outside
diameter mandre! launcher 1950 into the wellbore andl/or casing is facilitated.

The mandrel launcher 1950 may be coupled tcj the casing 1970 using any
number of conventional mechanical couplings. The mandrel launcher 1950 may have
a wall thickness ranging, for example, from about 0. is to 1.5 inches. The wall
thickness of the mandrel launcher 1950 ranges from about 0.25 to 0.75 inches in order
to optimally provide high strength with a small overall profile. The mandrel launcher
1950 may be fabricated from any number of conventional commercially available
materials such as, for example, oil field tubular goods, low alloy steel, carbon steel,
stainless steel or other similar hlgh strength matenals. The mandrel launcher 1950 is
fabricated from oil field tubular goods of higher strength but lower wall thickness than
the casing 1970 in order to optimally provide a thin walled container with
approximately the same burst strength as the casing 1970.

The mechanical slip body 1955 is coupled to the load mandrel 1970, the
mechanical slips 1960, and the drag blocks 1965. Tﬁe mechanical slip body 1955
preferably comprises a tubular member having an inﬁet passage 2050 fluidicly coupled
to the passage 1995. In this manner, fluidic materia]é may be conveyed from the
passage 2050 to a region outside of the apparatus l9b0.

The mechanical slip body 1955 may be coupfed to the load mandrel 1940 using
any number of conventional mechanical couplings. The mechanical slip body 1955 is
removably coupled to the load mandrel 1940 using a standard threaded connection in
order to optimally provide high strength and permit ihe mechanical slip body 1955 to
be easily replaced. The mechanical slip body 1955 mﬁay be coupled to the mechanical

“slips 1955 using any nurnber of conventional mechanical couplings. The mechanical

slip body 1955 is removably coupled to the rncchamca] slips 1955 using threads and
sliding steel retainer rings in order to optimally prowde high strength coupling and also
permit easy replacement of the mechanical slips 1955. The mechanical slip body 1955
may be coupled to the drag blocks 1965 using any ﬁumber of conventional mechanical
couplings. The mechanical slip body 1955 is remO\;ably coupled to the drag blocks
1965 using threaded connections and sliding steel retainer rings in order to optimally

provide high strength and also permit easy replacement of the drag blocks 1965.
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The mechanical slips 1960 are coupled to the outside surface of the mechanical
slip body 1955. During operation of the apparatus 1900, the'mechanical slips 1960
prevent upward movement of the casing 1970 and mandrel launcher 1950. In this
manner, during the axial reciprocation of the expansion cone 1945, the casing 1970
and mandrel launcher 1950 are maintained in a substantially stationary position. In
this manner, the mandrel launcher 1950 and casing 1970 are 4expanded in the radial
direction by the axial movement of the expansion cone 1945,

The mechanical slips 1960 may comprise any number of conventional
commercially available mechanical slips such as, for example, RTTS packer tungsten
carbide mechanical slips, RTTS packer wicker type mechani:cal slips or Model 3L
retrievable bridge plug tungsten carbide upper mechanical slips. The mechanical slips
1960 comprise RTTS packer tungsten carbide mechanical s]i?ps available from
Halliburton Energy Services in order to optimally provide reisistance to axial
movement of the casing 1970 during the expansion process.

The drag blocks 1965 are coupled to the outside surfa;:e of the mechanical slip
body 1955. During operation of the apparatus 1900, the drag blocks 1965 prevent
upward movement of the casing 1970 and mandrel launcher i950. In this manner,
during the axial reciprocation of the expansion cone 1945, the casing 1970 and
mandrel launcher 1950 are maintained in a substantially statibnary position. In this
manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial
direction by the axial movement of the expansion cone 1945,

The drag blocks 1965 may comprise any number of conventional commercially
available mechanical slips such as, for example, RTTS packér tungsten carbide
mechanical slips, RTTS packer wicker type mechanical slips or Model 3L retrievable
bridge plug tungsten carbide upper mechanical slips. The drag blocks 1965 comprise
RTTS packer tungsten carbide mechanical slips available froim Halliburton Energy
Services in order to optimally provide resistance to axial movement of the casing 1970
during the expansion process. - |

The casing 1970 is coupled to the mandrel launcher 1950. The casing 1970 is
further removably coupled to the mechanical slips 1960 and éirag blocks 1965. The
casing 1970 preferably comprises a tubular member. The casing 1970 may be

fabricated from any number of conventional commercially available materials such as,
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for example, slotted tubulars, oil field country tubular goods, low alloy steel, carbon
steel, stainless steel or other similar high strength méx‘terials. The césing 1970 is
fabricated from oilfield country tubular goods available from various foreign and
domestic steel mills in order to optimally provide hiéh strength. The upper end of the
casing 1970 includes one or more sealing members éositioned about the exterior of the
casing 1970. |

During operation, the apparatus 1900 is positioned in a wellbore with the upper
end of the casing 1970 positioned in an overlapping relationship within an existing
wellbore casing. In order minimize surge pressures \jwithin the borehole during
placement of the apparatus 1900, the fluid passage 1675 is preferably provided with
one or more pressure relief passages. During the plaECement of the apparatus 1900 in
the wellbore, the casiné 1970 is supported by the exp:ansion cone 1945,

Afler positioning of the apparatus 1900 withixi the bore hole in an overlapping
relationship with an existing section of wellbore casing, a first fluidic material is
pumped into the fluid passage 1975 from a surface location. The first fluidic material
is conveyed from the fluid passage 1975 to the fluid Epassages 1980, 1985, 1990, 1995,
and 2050. The first fluidic materlal will then exit the apparatus and fill the annular
region between the outside of the apparatus 1900 and the interior walls of the bore
hole.

The first fluidic material may comprise any number of conventional
commercially available materials such as, for examplb, drilling mud, water, epoxy or
cement. The first fluidic material comprises a harden!able fluidic sealing material such
as, for example, cement or epoxy. In this manner, a \;/ellbore casing having an outer
annular layer of a hardenable material may be formed. _

The first fluidic material may be pumped into the apparatus 1900 at operating
pressures and flow rates ranging, for example, from a;bout 0 to 4,500 psi, and O to
3,000 gallons/minute. The first fluidic material is pumped into the apparatus 1900 at
operating pressures and flow rates ranging from about 0 to 4,500 psi and 0 to 3,000
gallons/minute in order to optimally provide operating pressures and flow rates for
typical operating conditions.

At a predetermined point in the injection of the first fluidic material such as, for

example, after the annular region outside of the apparatus 1900 has been filled to a
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predetermined level, a plug 2045, dart, or other similar device is introduced into the
first fluidic material. The plug 2045 lodges in the throat pass!age 2040 thereby
fluidicly isolating the fluid passage 1990 from the fluid passage 1995.

After placement of the plug 2045 in the throat passage 2040, a second fluidic
material is pumped into the fluid passage 1975 in order to préssurize the pressure
chamber 2030. The second fluidic material may comprise any number of conventional
commercially available materials such as, for example, water: drilling gases, drilling
mud or lubricant. The second fluidic material comprises a nén-hardmable fluidic
material such as, for example, water, drilling mud or lubn'can;t in order minimize
frictional forces.

The second fluidic material may be pumped into the apparatus 1900 at
operating pressures and flow rates ranging, for example, froni about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The second fluidic material is pumped into the apparatus
1900 at operating pressures and flow rates ranging from abm;t 0 to 3,500 psi, and O to
1,200 gallons/minute in order to optimally provide expansion: of the casing 1970.

The pressurization of the pressure chamber 2030 causes the upper sealing head
1925, outer sealing mandrel 1935, and expansion cone 1945 t;a move in an axial
direction. As the expansion cone 1945 moves in the axial direction, the expansion
cone 1945 pulls the mandrel launcher 1950 and drag blocks 1;965 along, which sets the
mechanical slips 1960 and stops further axial movement of thc mandrel launcher 1950
and casing 1970. In this manner, the axial movement of the éxpansion cone 1945
radially expands the mandrel launcher 1950 and casing l970.£

Once the upper sealing head 1925, outer sealing mandlre] 1935, and expansion *
cone 1945 complete an axial stroke, the operating pressure of the second fluidic
material is reduced and the drill string 1905 is raised. This causes the inner sealing
mandrel 1920, lower sealing head 1930, load mandrel 1940, and mechanical slip body
1955 to move upward. This unsets the mechanical slips 1966 and permits the
mechanical slips 1960 and drag blocks 1965 to be moved upward within the mandrel
launcher and casing 1970. When the lower sealing head 1930 contacts the upper
sealing head 1925, the second fluidic material is again pressurized and the radial
expansion process continues. In this manner, the mandrel launcher 1950 and casing

1970 are radial expanded through repeated axial strokes of the upper sealing head
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1925, outer sealing mandrel 1935 and expansion cone 1945. Throughput the radial
expansion process, the upper end of the casing 1970£is preferably maintained in an
overlapping relation with an existing section of wellbore casing,

At the end of the radial expansion process, the upper end of the casing 1970 is
expanded into intimate contact with the inside surfa?e of the lower end of the existing
wellbore casing. The sealing members provided at the upper end of the casing 1970
provide a fluidic seal between the outside surface ofthe upper end of the casing 1970
and the inside surface of the lower end of the existinh wellbore casing. The contact
pressure between the casing 1970 and the existing St;.ction of wellbore casing ranges
from about 400 to 10,000 psi in order to optimally provide contact pressure for
activating sealing members, provide optimal resistax;ce to axial movement of the
expanded casing 1970, and optimally support typiéal tensile and compressive loads.

As the expansion cone 1945 nears the end of the casing 1970, the operating
flow rate of the second fluidic material is reduced in order to minimize shock to the
apparatus 1900. The apparatus 1900 includes a sho&k absorbér for absorbing the shock
created by the completion of the radial expansion ofi the casing 1970.

The reduced operating pressure of the second fluidic material ranges from about
100 to 1,000 psi as the expansion cone 1945 nears tl;e end of the casing 1970 in order
to optimally provide reduced axial movement and velocity of the expansion cone 1945.
The operating pressure of the second fluidic maten'ai is reduced during the retum
stroke of the apparatus 1900 to the range of about 0 ito 500 psi in order minimize the
resistance to the movement of the expansion cone 1945. The stroke length of the
apparatus 1900 ranges from about 10 to 45 feet in order to optimally provide
equipment lengths that can be handled by typical oilgwell rigging equipment while also
minimizing the frequency at wﬁich the expansion coﬁe 1945 must be stopped so the
apparatus 1900 can be re-stroked for further expansibn operations.

At least a portion of the upper sealing head 1?925 includes an expansion cone
for radially expanding the mandrel launcher 1950 an;d casing 1970 during operation of
the apparatus 1900 in order to increase the surface &ea of the casing 1970 acted upon
during the radial expansion process. In this manner, the operating pressures can be

reduced.
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Mechanical slips are positioned in an axial location between the sealing sleeve
1915 and the inner sealing mandrel 1920 in order to simplify the operation and
assembly of the apparatus 1900. '

Upon the complete radial expansion of the casing 1970, if applicable, the first
fluidic material is permitted to cure within the annular region ‘between the outside of
the expanded casing 1970 and the interior walls of the wellbore. In the case where the
expanded casing 1970 is slotted, the cured fluidic material wiil preferably permeate
and envelop the expanded casing. In this manner, a new section of wellbore casing is
formed within a wellbore. Alternatively, the apparatus 1900 may be used to join a first
section of pipeline to an existing section of pipeline. Altemaﬁvely, the apparatus 1900
may be used to directly line the interior of a wellbore with a éasing, without the use of
an outer annular layer of a hardenable material. Alternativel);(, the apparatus 1900 may
be used to expand a tubular support member in a hole.

During the radial expansion process, the pressurized areas of the apparatus
1900 are limited to the fluid passages 1975, 1980, 1985, and i990, and the pressure
chamber 2030. No fluid pressure acts directly on the mandrel launcher 1950 and
casing 1970. This permits the use of operating pressures higi:er than the mandrel
launcher 1950 and casing 1970 could normally withstand.

Referring now to Figure 16, an apparatus 2100 for forming a mono-diameter
wellbore casing will be described. The apparatus 2100 prefei’ably includes a drillpipe
2105, an innerstring adapter 2110, a sealing sleeve 2115, an inner sealing mandrel
2120, slips 2125, upper sealing head 2130, lower sealing head 2135, outer sealing
mandrel 2140, load mandrel 2145, expansion cone 2150, and casing 2155.

The drillpipe 2105 is coupled to the innerstring adaptér 2110. During operation
of the apparatus 2100, the drillpipe 2105 supports the apparatus 2100. The drillpipe
2105 preferably comprises a substantially hollow tubular member or members. The
drillpipe 2105 may be fabricated from any number of convertional commercially
available materials such as, for example, oilfield country tubular goods, low alloy
steel, carbon steel, stainless steel or other similar high strength material. The drillpipe
2105 is fabricated from coiled tubing in order to facilitate the placement of the
apparatus 1900 in non-vertical wellbores. The drillpipe 2105 may be coupled to the

innerstring adapter 2110 using any number of conventional commercially available
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mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, raichet-latch type connection, or a
standard threaded connection. The drillpipe 2105 is removably coupled to the
innerstring adaptér 2110 by a drill pipe connection.

The drillpipe 2105 preferably includes a fluid passage 2160 that is adapted to
convey fluidic materials from a surface location intc; the fluid passage 2165. The fluid
passage 2160 is adapted to convey fluidic materials ?uch as, for example, cement,
epoxy, water, drilling mud or lubricants at operating pressures and flow rates ranging
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The innerstring adapter 2110 is coupled to th;: drill string 2105 and the sealing
sleeve 2115. The innerstring adapter 2110 prefcrabliy comprises a substantially hollow
tubular member or members. The innerstring adapt;:r 2110 may be fabricated from
any number of conventional commercially available materials such as, for example,
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other
similar high strength materials. The innerstring adaj)tcr 2110 is fabricated from
stainless steel in order to optimally provide high strcéngth, low friction, and resistance
to corrosion and wear. |

The innerstring adapter 2110 may be coupled to the drill string 2105 using any
number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, ratchet-latch type connection or a standard threaded connection. The
innerstring adapter 2110 is removably coupled to the: drill pipe 2105 by a drillpipe
connection. The innerstring adapter 2110 may be coupled to the sealing sleeve 2115
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, ratchet-latch type threaded connection, or a standard threaded
connection. The innerstring adapter 2110 is removaiﬂy coupled to the sealing sleeve
2115 by a standard threaded connection. |

The innerstring adapter 2110 preferably inclddcs a fluid passage 2165 that is
adapted to convey fluidic materials from the fluid passage 2160 into the fluid passage
2170. The fluid passage 2165 is adapted to convey fluidic materials such as, for
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example, cement, epoxy, water drilling muds, or lubricants at operating pressures and
flow rates ranging from about 0t 9,000 psi and 0 to 3,000 gallons/minute.

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and the inner
sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a substantially
hollow tubular member or members. The sealing sleeve 2115 may be fabricated from
any number of conventional commercially available materials such as, for example, oil
field tubular goods, low alloy steel, carbon steel, stainless stéel or other similar high
strength materials. The sealing sleeve 2115 is fabricated from stainless steel in order
1o optimally provide high strength, low friction surfaces, and resistance to corrosion,
wear, galling, and pitting.

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 using
any number of conventional commercially available mechanical couplings such as, for
example, a standard threaded connection, oilfield country tubular goods specialty type
threaded connections, welding, amorphous bonding, or a standard threaded connection.
The sealing sleeve 2115 is removably coupled to the innerstring adapter 2110 by a
standard threaded connection. The sealing sleeve 2115 may;be coupled to the inner
sealing mandrel 2120 using any number of conventional cornmercially available
mechanical couplings such as, for example, a standard threaded connection, oilfield
country tubular goods specialty type threaded connections, welding, amorphous
bonding, or a standard threaded connection. The sealing sleeve 2115 is removably
coupled to the inner sealing mandrel 2120 by a standard threaded connection.

The sealing sleeve 2115 preferably includes a fluid passage 2170 that is adapted
to convey fluidic materials from the fluid passage 2165 into the fluid passage 2175.
The fluid passage 2170 is adapted to convey fluidic materials such as, for example,
cement, epoxy, water, drilling mud, or lubricants at operating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, slips
2125, and the lower sealing head 2135. The inner sealing mandre] 2120 preferably
comprises a substantially hollow tubular member or memuers. The inner sealing
mandrel 2120 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tubular goods, low alloy

steel, carbon steel, stainless steel or other similar high strength materials. The inner
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sealing mandrel 2120 is fabricated from stainless st:eel in order to optimally provide
high strength, low friction surfaces, and corrosion qnd wear resistance.

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, or a standard threaded connection. The inner sealing mandrel
2120 is removably coupled to the sealing sleeve 21 15 by a standard threaded
connection. The standard threaded connection provides high strength and permits easy
replacement of components. The inner sealing mandrel 2120 may be coupled to the
slips 2125 using any number of conventional commercially available mechanical
couplings such as, for example, welding, amorphous bonding, or a standard threaded
connection. The inner sealing mandrel 2120 is removably coupled to the slips 2125 by
a standard threaded connection. The inner sealing mandrel 2120 may be coupled to the
lower sealing head 2135 using any number of convﬁtional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, welding, amorphous bonding or a
standard threaded connection. The inner sealing mandrel 2120 is removably coupled
to the lower sealing head 2135 by a standard threaded connection.

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 that is
adapted to convey fluidic materials from the fluid passage 2170 into the fluid passage
2180. The fluid passage 2175 is adapted to convey.fluidic materials such as, for
example, cement, epoxy, water, drilling mud or lubricants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The slips 2125 are coupled to the outer surface of the inner sealing mandrel
2120. During operation of the"apparatus 2100, the slips 2125 preferably maintain the
casing 2155 in a substantially stationary position dyring the radial expansion of the
casing 2155. The slips 2125 are activated using the fluid passages 2185 to convey
pressurized fluid material into the slips 2125.

The slips 2125 may comprise any number of commercially available hydraulic
slips such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L
retrievable bridge plug hydraulic slips. The slips 2125 comprise RTTS packer

tungsten carbide hydraulic slips available from Halliburton Energy Services in order to
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optimally provide resistance to axial movement of the casing 2155 during the
expansion process. The slips include a fluid passage 2190, pressure chamber 2195,
spring return 2200, and slip member 2205. |

The slips 2125 may be coupled to the inner sealing mandre] 2120 using any
number of conventional mechanical couplings. The slips 2123 are removably coupled
to the outer surface of the inner sealing mandrel 2120 by a thread connection in order
to optimally provide interchangeability of parts.

The upper sealing head 2130 is coupled to the outer sealing mandrel 2140 and
expansion cone 2150. The upper sealing head 2130 is also rrbvably coupled to the

outer surface of the inner sealing mandrel 2120 and the inner surface of the casing

2155. In this manner, the upper sealing head 2130 reciprocatles in the axial direction.
The radial clearance between the inner cylindrical surface of the upper sealing head
2130 and the outer surface of the inner sealing mandrel 2120 may range, for example,
from about 0.025 to 0.05 inches. The radial clearance between the inner cylindrical
surface of the upper sealing head 2130 and the outer surface of the inner sealing ‘
mandrel 2120 ranges from about 0.005 to 0.010 inches in order to optimally provide a
pressure seal. The radial clearance between the outer cylindﬁcal surface of the upper
sealing head 2130 and the inner surface of the casing 2155 may range, for example,
from about 0.025 to 0.375 inches. The radial clearance between the outer cylindrical
surface of the upper sealing héad 2130 and the inner surface of the casing 2155 ranges
from about 0.025 to 0.125 inches in order to optimally provi&c stabilization for the
expansion cone 2130 during axial movement of the expansioln cone 2130.

The upper sealing head 2130 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. The upper sealing head 2130 may be
fabricated from any number of conventional commercially available materials such as,
for example, low alloy steel, carbon steel, stainless steel or other similar high strength
materials. The upper sealing head 2130 is fabricated from sfainless steel in order to
optimally provide high strength, corrosion resistance, and low friction surfaces. The
inner surface of the upper sealing head 2130 preferably includes one or more annular
sealing members 2210 for sealing the interface between the ﬁpper sealing head 2130
and the inner sealing mandrel 2120. The sealing members 2210 may comprise any

number of conventional commercially available annular sealing members such as, for
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example, o-rings, polypak seals, or metal spring enefgized seals. The sealing members
2210 comprise polypak seals available from Parker ;Seals in order to optimally provide
sealing for a long axial stroke. |

The upper sealing head 2130 includes a shoulder 2215 for supporting the upper
sealing head 2130 on the lower sealing head 2135.

The upper sealing head 2130 may be coupleq to the outer sealing mandrel 2140
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield countr:y tubular goods specialty threaded
connection, welding, amorphous bonding or a standard threaded connection. The
upper sealing head 2130 is removably coupled to thé outer sealing mandrel 2140 by a
standard threaded connection. Tﬂé'mechanical coufpling between the upper sealing
head 2130 and the outer sealing mandrel 2140 incluaes one or more sealing members
2220 for fluidicly sealing the interface between the ixpper sealing head 2130 and the
outer sealing mandrel 2140. The sealing members ZiZZO may comprise any number of
conventional commercially available sealing membérs such as, for example, o-rings,
polypak seals, or metal spring energized seals. The ;sealing members 2220 comprise
polypak seals available from Parker Seals in order to optimally provide sealing for a
long axial stroke.

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 and
the load mandrel 2145. The lower sealing head 2133 is also movably coupled to the
inner surface of the outer sealing mandrel 2140. In ithis manner, the upper sealing head
2130, outer sealing mandrel 2140, and expansion cone 2150 reciprocate in the axial
direction. The radial clearance between the outer s;xrface of the lower sealing head
2135 and the inner surface of the outer sealing mandrel 2140 may range, for example,
from about 0.0025 to 0.05 inches. The radial clearance between the outer surface of
the lower sealing head 2135 and the inner surface of the outer sealing mandrel 2140
ranges from about 0.0025 to 0.05 inches in order to optimally provide minimal radial
clearance.

The lower sealing head 2135 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. ’Ifhe lower sealing head 2135 may be
fabricated from any number of conventional commercially available materials such as,

|
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel
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or other similar high strength materials. The lower sealing head 2135 is fabricated
from stainless steel in order to optimally provide high strength, corrosion resistance,
and low friction surfaces. The outer surface of the lower seaiing head 2135 preferably
includes one or more annular sealing members 2225 for sealihg the interface between
the lower sealing head 2135 and the outer sealing mandrel 2140. The sealing members
2225 may comprise any number of conventional commercially available annular
sealing members such as, for example, o-rings, polypak sea|§ or metal spring energized
seals. The sealing members 2225 comprise polypak seals available from Parker Seals
in order to optimally provide sealing for a long axial stroke. |

The lower sealing head 2135 may be coupled to the inner sealing mandrel 2120
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, welding, amorphous bonding, or a standard threaded connection.
The lower sealing head 2135 is removably coupled to the inner sealing mandrel 2120
by a standard threaded connection. The mechanical couplin% between the lower
sealing head 2135 and the inner sealing mandrel 2120 includes one or more sealing
members 2230 for fluidicly sealing the interface between the ilowcr sealing head 2135
and the inner sealing mandrel 2120. The sealing members 22230 may comprise any
number of conventional commercially available sealing members such as, for example,
o-rings, polypak seals, or metal spring energized seals. The sealing members 2230
comprise polypak seals available from Parker Seals in order to optimally provide
sealing for a long axial stroke.

The lower sealing head 2135 may be coupled to the load mandrel 2145 using
any number of conventional commercially available mechaniical couplings such as, for
example, drillpipe connection, oilfield country tubular goods =spe<:ialty threaded
connection, welding, amorphous bonding, or a standard threahed connection. The
lower sealing head 2135 is removably coupled to the load mandrel 2145 by a standard
threaded connection. The mechanical coupling between the ,_ower sealing head 2135
and the load mandrel 2145 includes one or more sealing merr;bers 2235 for fluidicly
sealing the interface between the lower sealing head 1930 and the load mandrel 2145.
The sealing members 2235 may comprise any number of conventional commercially

available sealing members such as, for example, o-rings, polypak seals, or metal spring
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energized seals. The sealing members 2235 comprise polypak seals available from
Parker Seals in order to ptimally provide sealing for a long axial stroke.

The lower sealing head 2135 includes a throat passage 2240 fluidicly coupled
between the fluid passages 2175 and 2180. The throgt passage 2240 is preferably of
reduced size and is adapted to receive and engage with a plug 2245, or other similar
device. In this manner, the fluid passage 2175 is ﬂuiﬂic]y isolated from the fluid
passage 2180. In this manner, the pressure chamber 2250 is pressurized.

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 and
the expansion cone 2150. The outer sealing mandrelE 2140 is also movably coupled to
the inner surface of the casing 2155 and the outer sm;'face of the lower sealing head
2135. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and
the expansion cone 2150 reciprocate in the axial dirc;ction. The radial clearance
between the outer surface of the outer sealing mandf'el 2140 and the inner surface of
the casing 2155 may range, for example, from about 0.025 to 0.375 inches. The radial
clearance between the outer surface of the outer sealing mandrel 2140 and the inner
surface of the casing 2155 ranges from about 0.025 t:o 0.125 inches in order to
optimally provide stabilization for the expansion cone 2130 during the expansion
process. The radial clearance between the inner suréace of the outer sealing mandrel
2140 and the outer surface of the lower sealing head:2135 may range, for example,
from about 0.005 to 0.125 inches. The radial clearaxice between the inner surface of
the outer sealing mandrel 2140 and the outer surface.i of the lower sealing head 2135
ranges from about 0.005 to 0.010 inches in order to 6ptimally provide minimal radial
clearance.

The outer sealing mandrel 2140 preferably comprises an annular member
having substantially cylindricaliinner and outer surfﬁces. The outer sealing mandrel
2140 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country mbuiar goods, low alloy steel, carbon
steel, stainless steel, or other similar high strength n';aterials. The outer sealing
mandrel 2140 is fabricated from stainless steel in or;der to optimally provide high
strength, corrosion resistance, and low friction surfaces.

The outer sealing mandrel 2140 may be coupled to the upper sealing head 2130

using any number of conventional commercially available mechanical couplings such
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as, for example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding or a standard threﬁded connection. The outer
sealing mandrel 2140 is removably coupled to the upper sealing head 2130 by a
standard threaded connection. The outer sealing mandrel 2140 may be coupled to the
expansion cone 2150 using any number of conventional corﬁmercia]ly available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty threaded connection, welding, amorﬁhous bonding, or a
standard threaded connection. The outer sealing mandrel 2 1540 is removably coupled
to the expansion cone 2150 by a standard threaded connection.

The upper sealing head 2130, the lower séaling head 213S, inner sealing
mandrel 2120, and the outer sealing mandrel 2140 together define a pressure chamber
2250. The pressure chamber 2250 is fluidicly coupled to the passage 2175 via one or
more passages 2255. During operation of the apparatus 21 OO, the plug 2245 engages

* with the throat passage 2240 to fluidicly isolate the fluid passage 2175 from the fluid

passage 2180. The pressure chamber 2250 is then pressurized which in turn causes the
upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 2150 to
reciprocate in the axial direction. The axial motion of the exi:ansion cone 2150 in turn
expands the casing 2155 in the radial direction.

The load mandrel 2145 is coupled to the lower sealing head 2135. The load
mandrel 2145 preferably comprises an annular member having substantially cylindrical
inner and outer surfaces. The load mandrel 2145 may be falﬁricated from any number
of conventional commercially available materials such as, fof example, oilfield country
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high
strength materials. The load mandrel 2145 is fabricated from stainless steel in order to
optimally provide high strength, corrosion resistance, and low friction bearing
surfaces.

The load mandrel 2145 may be coupled to the lower sealing head 2135 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding or a standard th:caded connection. The load

mandrel 2145 is removably coupled to the lower sealing head 2135 by a standard
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threaded connection in order to optimally provide high strength and permit easy
replacement of the load mandrel 2145.

The load mandrel 2145 preferably includes a fluid passage 2180 that is adapted
to convey fluidic materials from the fluid passage 2 1180 to the region outside of the
apparatus 2100. The fluid passage 2180 is adapted tio convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud, or iubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi anci 0 to 3,000 gallons/minute.

The expansion cone 2150 is coupled to the o:ner sealing mandrel 2140. The
expansion cone 2150 is also movably coupled to thejinner surface of the casing 2155.
In this manner, the upper sealing head 2130, outer séaling mandrel 2140, and the
expansion cone 2150 reciprocate in the axial directicin. The reciprocation of the
expansion cone 2150 causes the casing 2155 to exba;nd in the radial direction.

The expansion cone 2150 preferably comprisps an annular member having
substantially cylindrical inner and conical outer surfailces. The outside radius of the
outside conical surface may range, for example, frorfn about 2 to 34 inches. The
outside radius of the outside conical surface ranges i?’rom about 3 to 28 inches in order
to optimally provide cone dimensions that are optimél for typical casings. The axial
length of the expansion cone 2150 may range, for example, from about 2 to 6 times the
largest outside diameter of the expansion cone 21 50; The axial length of the expansion
cone 2150 ranges from about 3 to 5 times the largesi outside diameter of the expansion
cone 2150 in order to optimally provide stability and centralization of the expansion
cone 2150 during the expansion process. The maxitinum outside diameter of the
expansion cone 2150 is between about 90 to 100 % of the inside diameter of the
existing wellbore that the casing 2155 will be joineci with. The angle of attack of the
expansion cone 2150 ranges frdfn about 5 to 30 degrees in order to optimally balance
friction forces and radial expansion forces. The optimal expansion cone 2150 angle of
attack will vary as a function of the particular operating conditions of the expansion
operation. |

The expansion cone 2150 may be fabricated from any number of conventional
commercially available materials such as, for examf)]e, machine tool steel, nitride steel,
titanium, tungsten carbide, ceramics, or other similar high strength matenals. The
expansion cone 2150 is fabricated from D2 machine tool steel in order to optimally
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provide high strength and resistance to wear and galling. The outside surface of the
expansion cone 2150 has a surface hardness ranging from about 58 to 62 Rockwell C
in order to optimally provide resistance to wear. |

The expansion cone 2150 may be coupled to the outside sealing mandrel 2140
using any number of conventional commercially available m!e_chanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, welding, amorphous bonding or a stand:nrd threaded connection.
The expansion cone 2150 is coupled to the outside sealing m;ndrel 2140 using a
standard threaded connection in order to optimally provide high strength and permit
the expansion cone 2150 to be-easily replaced.

The casing 2155 is removalﬁ} coupled to the slips 2125 and expansion cone
2150. The casing 2155 preferably comprises a tubular member. The casing 2155 may
be fabricated from any number of conventional commercially available materials such
as, for example, slotted tubulars, oilfield country tubular goo;ls, low alloy steel, carbon
steel, stainless steel or other similar high strength material. 'fhe casing 2155 is
fabricated from oilfield country tubular goods available from various foreign and
domestic steel mills in order to optimally provide high snenéth.

The upper end 2260 of the casing 2155 includes a thir; wall section 2265 and an
outer annular sealing member 2270. The wall thickness of the thin wall section 2265
is about 50 to 100 % of the regular wall thickness of the casi;\g 2155. In this manner,
the upper end 2260 of the casing 2155 may be easily expandéd and deformed into
intimate contact with the lower end of an existing section of wellbore casing. The
lower end of the existing section of casing also includes a thin wall section. In this
manner, the radial expansion of the thin walled section 2265 of casing 2155 into the
thin walled section of the existing wellbore casing results in a wellbore casing having a
substantially constant inside diameter.

The annular sealing member 2270 may be fabricated from any number of
conventional commercially available sealing materials such ;s, for example, epoxy,
rubber, metal or plastic. The annular sealing member 2270 is fabricated from
Stratal.ock epoxy in order to optimally provide compressibi]ity and resistance to wear.
The outside diameter of the annular sealing member 2270 préferably ranges from

about 70 to 95 % of the inside diameter of the lower section of the wellbore casing that
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the casing 2155 is joined to. In this manner, after expansion, the annular sealing
member 2270 preferably provides a fluidic seal and also preferably provides sufficient
frictional force with the inside surface of the existing section of wellbore casing during
the radial expansion of the casing 2155 to support the casing 2155.

The lower end 2275 of the casing 2155 includes a thin wall section 2280 and an
outer annular sealing member 2285. The wall thickrless of the thin wall section 2280
is about 50 to 100 % ofithe regular wall thickness of 'the casing 2155. In this manner,
the lower end 2275 of the casing 2155 may be easilyf expanded and deformed.
Furthermore, in this manner, an other section of casing may be easily joined with the
lower end 2275 of the casing 2155 using a radial expansion process. The upper end of
the other section of casing also includes a thin wall section. In this manner, the radial
expansion of the thin walled section of the upper end of the other casing into the thin
walled section 2280 of the lower end of the casing 2155 results in a wellbore casing
having a substantially constant inside diameter. ‘

The annular sealing member 2285 may be fabricated from any number of
conventional commercially available sealing materials such as, for example, epoxy,
rubber, metal or plastic. The annular sealing membér 2285 is fabricated from
StrataLock epoxy in order to optimally provide compressibility and wear resistance.
The outside diameter of the annular sealing member 2285 preferably ranges from
about 70 to 95 % of the inside diameter of the lower section of the existing wellbore
casing that the casing 2155 is joined to. In this manner, the annular sealing member
2285 preferably provides a fluidic seal and also preferably provides sufficient frictional
force with the inside wall of the wellbore during the radial expansion of the casing
2155 to support the casing 2155. :

During operation, the apparatus 2100 is preférably positioned in a wellbore
with the upper end 2260 of the casing 2155 positiorfed in an overlapping relationship
with the lower end of an existing wellbore casing. The thin wall section 2265 of the
casing 2155 is positioned in opposing overlapping relation with the thin wall section
and outer annular sealing member of the lower end of fhe existing section of wellbore
casing. In this manner, the radial expansion of the casing 2155 will compress the thin
wall sections and annular compressible members of the upper end 2260 of the casing

2155 and the lower end of the existing wellbore caéing into intimate contact. During
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the positioning of the apparatus 2100 in the wellbore, the casing 2155 is supported by
the expansion cone 2150. '

After positioning of the apparatus 2100, a first fluidic material is then pumped
into the fluid passage 2160. The first fluidic material may corhprise any number of
conventional commercially available materials such as, for example, drilling mud,
water, epoxy, or cement. The first fluidic material comprises 2 hardenable fluidic
sealing material such as, for example, cement or epoxy in order to provide a
hardenable outer annular body around the expanded casing 2 sS.

The first fluidic material may be pumped into the fluid passage 2160 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and
0 to 3,000 gallons/minute. The first fluidic material is pumped into the fluid passage
2160 at operating pressures and flow rates ranging from about 0 1o 3,500 psi and 0 to
1,200 gallons/minute in order to optimally provide operationaﬁl efficiency.

The first fluidic material pumped into the fluid passage 2160 passes through the
fluid passages 2165, 2170, 2175, 2180 and then outside of the apparatus 2100. The
first fluidic material then fills the annular region between the outside of the apparatus
2100 and the interior walls of the wellbore.

The plug 2245 is then introduced into the fluid passage 2160. The plug 2245
Jodges in the throat passage 2240 and fluidicly isolates and blocks off the fluid passage
2175. A couple of volumes of a non-hardenable fluidic material are then pumped into
the fluid passage 2160 in order to remove any hardenable fluidic material contained
within and to ensure that none of the fluid passages are blockéd.

A second fluidic material is then pumped into the fluid passage 2160. The
second fluidic material may comprise any number of conventional commercially
available materials such as, for example, drilling mud, water,5 drilling gases, or
lubricants. The second fluidic material comprises a non-hardenable fluidic material
such as, for example, water, drilling mud or lubricant in order to optimally provide
pressurization of the pressure chamber 2250 and minimize frictional forces.

The second fluidic material may be pumped into the fluid passage 2160 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and

0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid
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passage 2160 at operating pressures and flow rates fanging from about 0 to 3,500 psi
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency.

The second fluidic material pumped into the fluid passage 2160 passes through
the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 of the slips
2125, and into the pressure chamber 2250. Contimied pumping of the second fluidic
material pressurizes the pressure chambers 2195 and 2250.

The pressurization of the pressure chambersl2 195 causes the slip members 2205
to expand in the radial direction and grip the interio:gr surface of the casing 2155. The
casing 2155 is then preferably maintained in a subs?antially stationary position.

The pressurization of the pressure chamber 2:250 causes the upper sealing head
2130, outer sealing mandrel 2140 and expansion cone 2150 to move in an axial
direction relative to the casing 2155. In this mannef, the expansion cone 2150 will
cause the casing 2155 to expand in the radial direcﬁon.

During the radial expansion process, the casing 2155 is prevented from moving
in an upward direction by the slips 2125. A length of the casing 2155 is then expanded
in the radial direction through the pressurization of the pressure chamber 2250. The
length of the casing 2155 that is expanded during the expansion process will be
proportional to the stroke length of the upper sealing head 2130, outer sealing mandrel
2140, and expansion cone 2150.

Upon the completion of a stroke, the operating pressure of the second fluidic
material is reduced and the upper sealing head 21 30, outer sealing mandrel 2140, and
expansion cone 2150 drop to their rest positions witb the casing 2155 supported by the
expansion cone 2150. The position of the drillpipe 2105 is preferably adjusted
throughout the radial expansion process in order to maintain the overlapping
relationship between the thin Wélled sections of the lower end of the existing wellbore
casing and the upper end of the casing 2155. The sti‘oking of the expansion cone 2150
is then repeated, as necessary, until the thin walled §ection 2265 of the upper end 2260
of the casing 2155 is expanded into the thin walled section of the lower end of the
existing wellbore casing. In this manner, a wellbor§ casing is formed including two
adjacent sections of casing having a substantially constant inside diameter. This
process may then be repeated for the entirety of the wellbore to provide a wellbore

casing thousands of feet in length having a substantially constant inside diameter.
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During the final stroke of the expansion cone 2150, the slips 2125 are
positioned as close as possiblc to the thin walled section 2265 of the upper end of the
casing 2155 in order minimize slippage between the casing 2155 and the existing
wellbore casing at the end of the radial expansion process. Alternatively, or in
addition, the outside diameter of the annular sealing member 2270 is selected to ensure
sufficient interference fit with the inside diameter of the lower end of the existing
casing to prevent axial displacement of the casing 2155 during the final stroke.
Alternatively, or in addition, the outside diameter of the annular sealing member 2285
is selected to provide an interference fit with the inside walls of the wellbore at an
earlier point in the radial expansion process so as to prevent further axial displacement
of the casing 2155. In this final alternative, the interference fit is preferably selected
to permit expansion of the casing 2155 by pulling the expansion cone 2150 out of the
wellbore, without having to pressurize the pressure chamber ;2250.

During the radial expansion process, the pressurized areas of the apparatus
2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure
chambers 2195 within the slips 2125, and the pressure chamber 2250. No fluid
pressure acts directly on the casing 2155. This permits the use of operating pressures
higher than the casing 2155 could normally withstand.

Once the casing 2155 has been completely expanded off of the expansion cone
2150, remaining portions of the apparatus 2100 are removed from the wellbore. The
contact pressure between the deformed thin wall sections and compressible annular
members of the lower end of the existing casing and the upper end 2260 of the casing
2155 ranges from about 500 to 40,000 psi in order to optimaily support the casing
2155 using the existing wellbore casing. '

In this manner, the casing 2155 is radially expanded into contact with an
existing section of casing by pressurizing the interior fluid passages 21 60, 2165, 2170,
and 2175 and the pressure chamber 2250 of the apparatus 2 100.

As required, the annular body of hardenable fluidic material is then allowed to
cure to form a rigid outer annular body about the expanded casing 2155. In the case
where the casing 2155 is slotted, the cured fluidic material preferably permeates and
envelops the expanded casing 2155. The resulting new section of wellbore casing

includes the expanded casing 2155 and the rigid outer annuiar body. The overlapping
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joint between the pre-existing wellbore casing and the expanded casing 2155 includes
the deformed thin wall sections and the compressibie outer annular bodies. The inner
diameter of the resulting combined wellbore casings is substantially constant. In this
manner, a mono-diameter wellbore casing is formeci. This process of expanding
overlapping tubular members having thin wall end portions with compressible annular
bodies into contact can be repeated for the entire leﬁgth of a wellbore. In this manner,
a mono-diameter wellbore casing can be prdvided fci»r thousands of feet in a
subterranean formation.

As the expansion cone 2150 nears the upper jend of the casing 2155, the
operating flow rate of the second fluidic material is i’educed in order to minimize shock
to the apparatus 2100. The apparat&é 2100 includes a shock absorber for absorbing the
shock created by the completion of the radial expan#ion of the casing 2155.

The reduced operating pressure of the seconc! fluidic material ranges from about
100 to 1,000 psi as the expansion cone 2130 nears tl%te end of the casing 2155 in order
to optimally provide reduced axial movement and velocity of the expansion cone 2130.
The operating pressure of the second fluidic materia;] is reduced during the return
stroke of the apparatus 2100 to the range of about 0 ;10 500 psi in order minimize the
resistance to the movement of the expansion cone 2!30 during the return stroke. The
stroke length of the apparatus 2100 ranges from about 10 to 45 feet in order to
optimally provide equipment lengths that can be handled by conventional oil well
rigging equipment while also minimizing the frequehcy at which the expansion cone
2130 must be stopped so that the apparatus 2100 cari be re-stroked.

At least a portion of the upper sealing head 2;130 includes an expansion cone
for radially expanding the casing 2155 during operat!ion of the apparatus 2100 in order
to increase the surface area of the casing 2155 acted:upon during the radial expansion
process. In this manner, the operating pressures can; be reduced.

Alternatively, the apparatus 2100 may be useid to join a first section of pipeline
to an existing section of pipeline. Altematively, the;apparatus 2100 may be used to
directly line the interior of a wellbore with a casing, -without the use of an outer annular
layer of a hardenable material. Alternatively, the apparatus 2100 may be used to

expand a tubular support member in a hole.
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Referring now to Figures 17, 17a and 17b, an apparatys 2300 for expanding a
tubular member will be described. The apparatus 2300 prefeni‘ably includes a drillpipe
2305, an innerstring adapter 2310, a sealing sleeve 2315, a hjdraulic slip body 2320,
hydraulic slips 2325, an inner sealing mandrel 2330, an upper sealing head 2335, a
lower sealing head 2340, a load mandrel 2345, an outer sealiqg mandrel 2350, an
expansion cone 2355, a mechanical slip body 2360, mechanical slips 2365, drag blocks
2370, casing 2375, fluid passages 2380, 2385, 2390, 2395, 24;00, 2405, 2410, 2415,
and 2485, and mandrel launcher 2480, |

The drillpipe 2305 is coupled to the innerstring adapter 2310. During operation
of the apparatus 2300, the drilipipe 2305 supports the apparatus 2300. The drillpipe
2305 preferably comprises a substantially hollow tubular member or members. The
drillpipe 2305 may be fabricated from any number of conventional commercially
available matenals such as, for example, oilfield country tubﬁlar goods, low alloy
steel, carbon steel, stainless steel or other similar high strength materials. The drillpipe
2305 is fabricated from coiled tubing in order to facilitate theiplacement of the
apparatus 2300 in non-vertical wellbores. The drillpipe 2305 may be coupled to the
innerstring adapter 2310 using any number of conventional c<j>mmercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty threaded connection, or a standard threaded connection. The
drillpipe 2305 is removably coupled to the innerstring adapter 23 10bya drillpipe
connection.

The drillpipe 2305 preferably includes a fluid passagei2380 that is adapted to
convey fluidic materials from a surface location into the fluid passage 2385. The fluid
passage 2380 is adapted to convey fluidic materials such as, t;or example, cement,
water, epoxy, drilling muds, or lubricants at operating pressures and flow rates ranging
from about 0 1o 9,000 psi and 0 to 5,000 gallons/minute in order to optimally provide
operational efficiency.

The innerstring adapter 2310 is coupled to the drill string 2305 and the sealing
sleeve 2315. The innerstring adapter 2310 preferably comprises a substantially hollow
tubular member or members. The innerstring adapter 2310 rﬁay be fabricated from
any number of conventional commercially available materials such as, for example,

oilfield country tubular goods, low alloy steel, carbon steel, siainless steel or other
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~ similar high strength materials. The innerstring adaﬁter 2310 is fabricated from

stainless steel in order to optimally provide high strength, corrosion resistance, and low
friction surfaces. :

The innerstring adapter 2310 may be coupled to the drill string 2305 using any
number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, or a standard threaded connection. The i'nncrstring adapter 2310 is
removably coupled to the dnll pipe 2305 by a drillpiﬁe connection. The innerstring
adapter 2310 may be coupled to the sealing sleeve 2115 using any number of
conventional commercially available mechanical coﬁplings such as, for example, a
drillpipe connection, oilfield country tubular goods si)ccialty threaded connection, or a
standard threaded connection. The innerstring adaptéer 2310 is removably coupled to
the sealing sleeve 2315 by a standard threaded connection.

The innerstring adapter 2310 preferably includes a fluid passage 2385 that is
adapted to convey fluidic materials from the fluid paﬁsage 2380 into the fluid passage
2390. The fluid passage 2385 is adapted to convey fluidic materials such as, for
example, cement, epoxy, water, drilling mud, drillini gases or lubricants at operating
pressures and flow rates ranging from about 0 to 9,060 psi and 0 to 3,000
gallons/minute. ' ,

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and the
hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a
substantially hollow tubular member or members. The sealing sleeve 2315 may be
fabricated from any number of conventional commcfcially available materials such as,
for example, oilfield country tubular goods, low allofy steel, carbon steel, stainless steel
or other similar high strength materials. The sealing sleeve 2315 is fabricated from
stainless steel in order to optimally provide high strehgth, corrosion resistance, and
low-friction surfaces.

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 using
any number of conventional commercially avai]able%mechanical couplings such as, for
example, drillpipe connections, oilfield country tubular goods specialty threaded
connections, or a standard threaded connection. The sealing sleeve 2315 is removably

coupled to the innerstring adapter 2310 by a standard threaded connection. The
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sealing sleeve 2315 may be coupled to the hydraulic slip body 2320 using any number
of conventional commercially available mechanical couplings such as, for example,
drillpipe connection, oilfield country tubular goods specialty threaded connection, or a
standard threaded connection. The sealing sleeve 2315 is removably coupled to the
hydraulic slip body 2320 by a standard threaded connection.

The sealing sleeve 2315 preferably includes a fluid pz;ssage 2390 that is adapted
to convey fluidic materials from the fluid passage 238S into the fluid passage 239S.
The fluid passage 2315 is adapted to convey fluidic materials such as, for example,
cement, epoxy, water, drilling mud or lubricants at operating!pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the
hydraulic slips 2325, and the inner sealing mandrel 2330. T};e hydraulic slip body
2320 preferably comprises a substantially hollow tubular member or members. The
hydraulic slip body 2320 may be fabricated from any numbeti’ of conventional
commercially available materials such as, for example, oilﬁe}d country tubular goods,
Jow alloy steel, carbon steel, stainless steel or other high strehgth matenial. The
hydraulic slip body 2320 is fabricated from carbon stecl in order to optimally provide
high strength at low cost. '

The hydraulic slip body 2320 may be coupled to the s!ealing sleeve 2315 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goodsi specialty threaded
connection, or a standard threaded connection. The hydraulic slip body 2320 is
removably coupled to the sealing sleeve 2315 by a standard threaded connection. The
hydraulic slip body 2320 may' be coupled to the slips 2325 uéing any number of
conventional commercially available mechanical couplings such as, for example,
drillpipe connection, oilfield country tubular goods specialty»thrcadcd connection,
Welding, amorphous bonding or a standard threaded connection. The hydraulic slip
body 2320 is removably coupled to the slips 2325 by a standard threaded connection.
The hydraulic slip body 2320 may be coupled to the inner seéling mandrel 2330 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goodsj specialty threaded

connection, welding, amorphous bonding or a standard threaded connection. The
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hydraulic slip body 2320 is removably coupled to the inner sealing mandrel 2330 by a
standard threaded connection. . |

The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is
adapted to convey fluidic materials from the fluid péssage 2390 into the fluid passage
2405. The fluid passage 2395 is adapted to convey iﬂm’dic materials such as, for
example, cement, epoxy, water, drilling mud or lubijicants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 te 3,000 gallons/minute.

The hydraulic slips body 2320 preferably includes fluid passage 2400 that are
adapted to convey fluidic materials from the fluid p;ssage 2395 into the pressure
chambers 2420 of the hydraulic slips 2325. In this rfnanner, the slips 2325 are activated
upon the pressurization of the fluid passage 2395 iqto contact with the inside surface of
the casing 2375. The fluid passages 2400 are adapte;d to convey fluidic materials such
as, for example, water, drilling mud or lubricants at operating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 galjlons/minute.

The slips 2325 are coupled to the outside surface of the hydraulic slip body
2320. During operation of the apparatus 2300, the slips 2325 are activated upon the
pressurization of the fluid passage 2395 into contact with the inside surface of the
casing 2375. In this manner, the slips 2325 maintain the casing 2375 in a substantially
stationary position. |

The slips 2325 preferably include the fluid passages 2400, the pressure
chambers 2420, spring bias 2425, and slip members j2430. The slips 2325 may
comprise any number of conventional commerciallyz available hydraulic slips such as,
for example, RTTS packer tungstén carbide hydraulic slips or Model 3L retrievable
bridge plug with hydraulic slips. The slips 2325 coxﬁpn'se RTTS packer tungsten
carbide hydraulic slips available; from Halliburton Energy Services in order to
optimally provide resistance to axial movement of t};e casing 2375 during the radial
expansion process.

The inner sealing mandrel 2330 is coupled to; the hydraulic slip body 2320 and
the lower sealing head 2340. The inner sealing man:drel 2330 preferably comprises a
substantially hollow tubular member or members. The inner sealing mandrel 2330
may be fabricated from any number of conventional ;commercially available materials

such as, for example, oilfield country tubular goods,'low alloy steel, carbon steel,
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stainless steel or other similar high strength materials. The inner sealing mandrel 2330
is fabricated from stainless steel in order to optimally provide high strength, corrosion
resistance, and low friction surfaces.

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 2320
using any number of conventional commercially available m;achanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding, or a standard threaded connection. The
inner sealing mandrel 2330 is removably coupled to the hydr;aulic slip body 2320 by a
standard threaded connection. The inner sealing mandrel 2330 may be coupled to the
lower sealing head 2340 using any number of conventional cbnuncrcially available
mechanical couplings such as, for e;émp]c, drillpipe mnnecﬁon, oilfield country
tubular goods specialty threaded connection, welding, amorp?\ous bonding, or a
standard threaded connection. The inner sealing mandrel 2330 is removably coupled
to the lower sealing head 2340 by a standard threaded conneéﬁon.

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that is
adapted to convey fluidic materials from the fluid passage 23?95 into the fluid passage
2415. The fluid passage 2405 is adapted to convey fluidic miaten'als such as, for
example, cement, epoxy, water, drilling mud, or lubricants ati operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gﬁllons/minute.

The upper sealing head 2335 is coupled to the outer sealing mandrel 2345 and
expansion cone 2355. The upper sealing head 2335 is also movably coupled to the
outer surface of the inner sealing mandrel 2330 and the inner;surface of the casing
2375. In this manner, the upper sealing head 2335 reciprocates in the axial direction.
The radial clearance between the inner cylindrical surface of the upper sealing head
2335 and the outer surface of the inner sealing mandrel 2330 may range, for example,
from about 0.0025 to 0.05 inches. The radial clearance betwéen the inner cylindrical
surface of the upper sealing head 2335 and the outer surface c}f the inner sealing
mandrel 2330 ranges from about 0.005 to 0.01 inches in order to optimally provide
minimal clearance. The radial clearance between the outer cylindrical surface of the
upper sealing head 2335 and the inner surface of the casing 2375 may range, for
example, from about 0.025 to 0.375 inches. The radial clear;nce between the outer

cylindrnical surface of the upper sealing head 2335 and the inner surface of the casing
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2375 ranges from about 0.025 to 0.125 inches in order to optimally provide
stabilization for the expansion cone 2355 during the expansion process.

The upper sealing head 2335 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. Tf_'he upper sealing head 2335 may be
fabricated from any number of conventional commércially available materials such as,
for example, oilfield country tubular goods, low a]léy steel, carbon steel, stainless steel
or other similar high strength materials. The upper Eealing head 2335 is fabricated
from stainless steel in order to optimally provide high strength, corrosion resistance,
and low friction surfaces. The inner surface of the Qpper sealing head 2335 preferably
includes one or more annular sealing members 2433 for sealing the interface between
the upper sealing head 2335 and the inner sealing mandrel 2330. The sealing members
2435 may comprise any number of conventional coxémnercially availablé annular
sealing members such as, for example, o-rings, polypak seals or metal spring energized
seals. The sealing members 2435 comprise poly}:)aké seals available from Parker Seals
in order to optimally provide sealing for a long axiai stroke.

The upper sealing head 2335 includes a sho&lder 2440 for supporting the upper
sealing head on the lower sealing head 1930.

The upper sealing head 2335 may be coupleci to the outer sealing mandrel 2350
using any number of conventional commercially ava;ilab!c mechanical couplings such
as, for example, drillpipe connection, oilfield counu:y tubular goods specialty threaded
connection, welding, amorphous bonding, or a stancimd threaded connection. The
upper sealing head 2335 is removably coupled to the outer sealing mandrel 2350 by a
standard threaded connection. The mechanical coui;ling between the upper sealing
head 2335 and the outer sealing mandrel 2350 incluéles one or more sealing members
2445 for fluidicly sealing the interface between the upper sealing head 2335 and the
outer sealing mandrel 2350. The sealing members ﬁMS may comprise any number of
conventional commercially available sealing members such as, for example, o-rings,
polypak seals or metal spring energized seals. The slealing members 2445 comprise
polypak seals available from Parker Seals in order to optimally provide sealing for
long axial strokes.

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and

the load mandrel 2345. The lower sealing head 2340 is also movably coupled to the

110




10

15

20

25

30

25791.23.12 ) : P74968GROS

inner surface of the outer sealing mandrel 2350. In this manner, the upper sealing head
2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The radial
clearance between the outer surface of the lower sealing head 2340 and the inner
surface of the outer sealing mandrel 2350 may range, for example, from about 0.0025
to 0.05 inches. The radial clearance between the outer surface of the lower sealing
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from about
0.005 to 0.010 inches in order to optimally provide minimal radial clearance.

The lower sealing head 2340 preferably comprises an‘annular member having
substantially cylindrical inner and outer surfaces. The lowerisealing head 2340 may be
fabricated from any number of conventional commercially available materials such as,
for example, oilfield tubular members, low alloy steel, carbon steel, stainless steel or
other similar high strength materials. The lower sealing head 2340 is fabricated from
stainless steel in order to optimally provide high strength, colrrosion resistance, and low
friction surfaces. The outer surface of the lower sealing heacj 2340 preferably includes
one or more annular sealing members 2450 for sealing the in:terface between the lower
sealing head 2340 and the outer sealing mandrel 2350. The #ealing members 2450
may comprise any number of conventional commercially avéilable annular sealing
members such as, for example, o-rings, polypak seals or metal spring energized seals.
The sealing members 2450 comprise polypak seals available from Parker Seals in
order to optimally provide sealing for a long axial stroke.

The lower sealing head 2340 may be coupled to the inner sealing mandrel 2330
using any number of conventional commercially available m;echanical couplings such
as, for example, drillpipe connection, oilfield country tubula;r specialty threaded
connection, welding, amorphous bonding, or standard thread:ed connection. The lower
sealing head 2340 is rcmovably coupled to the inner sealing mandrel 2330 by a
standard threaded connection. The mechanical coupling between the lower sealing
head 2340 and the inner sealing mandrel 2330 includes one c;r more sealing members
2455 for fluidicly sealing the interface between the lower sealing head 2340 and the
inner sealing mandrel 2330. The sealing members 2455 ma); comprise any number of
conventional commercially available sealing members such és, for example, o-rings,

polypak or metal spring energized seals. The sealing members 2455 comprise polypak
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seals available from Parker Seals in order to optimally provide sealing for a long axial
stroke length. '

The lower sealing head 2340 may be coupled to the load mandrel 2345 using
any number of conventional commercially available -mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding or a smndird threaded connection. The
lower sealing head 2340 is removably coupled to the load mandrel 2345 by a standard
threaded connection. The mechanical coupling bet\;veen the lower sealing head 2340
and the load mandrel 2345 includes one or more seaiing members 2460 for fluidicly
sealing the interface between the lower sealing head 2340 and the load mandrel 2345.
The sealing members 2460 may comprise any number of conventional commercially
available sealing members such as, for example, o-ri;ngs, polypak seals or metal spring
energized seals. The sealing members 2460 compﬁée polypak seals available from
Parker Seals in order to optimally provide sealing fo} a long axial stroke length.

The lower sealing head 2340 includes a throat passage 2465 fluidicly coupled
between the fluid passages 2405 and 2415. The thrckt passage 2465 is preferably of
reduced size and is adapted to receive and engage with a plug 2470, or other similar
device. In this manner, the fluid passage 2405 is fluidicly isolated from the fluid
passage 2415. In this manner, the pressure chamber 2475 is pressurized.

The outer sealing mandrel 2350 is coupled tc:i the upper sealing head 2335 and
the expansion cone 2355. The outer sealing mandrci 2350 is also movably coupled to
the inner surface of the casing 2375 and the outer suiface of the lower sealing head
2340. In this manner, the upper sealing head 2335, (:Juter sealing mandrel 2350, and
the expansion cone 2355 reciprocate in the axial diréction. The radial clearance
between the outer surface of the outer sealing mandrel 2350 and the inner surface of
the casing 2375 may range, for example, from aboué 0.025 to 0.375 inches. The radial
clearance between the outer surface of the outer seaiing mandrel 2350 and the inner
surface of the casing 2375 ranges from about 0.025 io 0.125 inches in order to
optimally provide stabilization for the expansion cone 2355 during the expansion
process. The radial clearance between the inner surface of the outer sealing mandrel
2350 and the outer surface of the lower sealing head: 2340 may range, for example,

from about 0.0025 to 0.375 inches. The radial clearance between the inner surface of
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the outer sealing mandrel 2350 and the outer surface of the | wer sealing head 2340
ranges from about 0.005 to 0.010 inches in order to optimally provide minimal
clearance.

The outer sealing mandrel 2350 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel
2350 may be fabricated from any number of conventional commercially available
materials such as, for example, low alloy steel, carbon steel, sltainless steel or other
similar high strength materials. The outer sealing mandrel 23;50 is fabricated from
stainless steel in order to optimally provide high strength, cohosion resistance, and
low friction surfaces. ,

The outer sealing mandrel 2350 may be coupled to the upper sealing head 2335
using any number of conventional commercially a\;ailable méchanical couplings such
as, for example, drillpipe connections, oilfield country tubulaf goods specialty threaded
connections, welding, amorphous bonding, or a standard thréded connection. The
outer sealing mandrel 2350 is removably coupled to the upper sealing head 2335 by a,
standard threaded connection. The outer sealing mandrel 2330 may be coupled to the
expansion cone 2355 using any number of conventional cominercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty threaded connection, welding, amomimous bonding, or a
standard threaded connection. The outer sealing mandre] 2350 is removably coupled
to the expansion cone 2355 by a standard threaded connection.

The upper sealing head 2335, the lower sealing head i340, the inner sealing
mandrel 2330, and the outer sealing mandrel 2350 together d%ﬁne a pressure chamber
2475. The pressure chamber 2475 is fluidicly coupled to the passage 2405 via one or
more passages 2410. During operation of the apparatus 2300, the plug 2470 engages
with the throat passage 2465 to fluidicly isolate the fluid passage 2415 from the fluid
passage 2405. The pressure chamber 2475 is then pressurized which in turn causes the
upper sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to
reciprocate in the axial direction. The axial motion of the expansion cone 2355 in turn
expands the casing 2375 in the radial direction. |

The load mandrel 2345 is coupled to the lower sealing head 2340 and the
mechanical slip body 2360. The load mandrel 2345 preferably comprises an annular
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member having substantially cylindrical inner and outer surfaces. The load mandrel
2345 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon
steel, stainless steel or other similar high strength materials. The load mandrel 2345 is
fabricated from stainless steel in order to optimally ;;rovide high strength, corrosion
resistance, and low friction surfaces. |

The load mandrel 2345 may be coupled to the lower sealing head 2340 using
any number of conventional commercially available ;mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous b_onding or a standard threaded connection. The load
mandre] 2345 is removably couple.c.‘!"to the lower seaiing head 2340 by a standard
threaded connection. The load mandrel 2345 may be coupled to the mechanical slip
body 2360 using any number of conventional comm:ercially available mechanical
couplings such as, for example, dnllpipe connection; oilfield country tubular goods
specialty threaded connection, welding, amorphous bonding, or a standard threaded
connection. The load mandrel 2345 is removably c&uplcd to the mechanical slip body
2360 by a standard threaded connection.

The load mandrel 2345 preferably includes a fluid passage 2415 that is adapted
to convey fluidic materials from the fluid passage 2405 to the region outside of the
apparatus 2300. The fluid passage 2415 is adapted no convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud or lubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi ami 0 to 3,000 gallons/minute.

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. The
expansion cone 2355 is also movably coupled to thc3 inner surface of the casing 2375.
In this manner, the upper sealing head 2335, outer s?ealing mandrel 2350, and the
expansion cone 2355 reciprocate in the axial directibn. The reciprocation of the
expansion cone 2355 causes the casing 2375 to expz:md in the radial direction.

The expansion cone 2355 preferably comprises an annular member having
substantially cylindrical inner and conical outer surfaces. The outside radius of the
outside conical surface may range, for example, from about 2 to 34 inches. The
outside radius of the outside conical surface ranges from about 3 to 28 inches in order

to optimally provide radial expansion of the typical casings. The axial length of the
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expansion cone 2355 may range, for example, from about 2 to 8 times the largest
outside diameter of the expansion cone 2355. The axial length of the expansion cone
2355 ranges from about 3 to S times the largest outside diameter of the expansion cone
2355 in order to optimally provide stability and centralization of the expansion cone
2355 during the expansion process. The angle of attack of the expansion cone 2355
ranges from about 5 to 30 degrees in order to optimally frictional forces with radial
expansion forces. The optimum angle of attack of the expansion cone 2355 will vary
as a function of the operating parameters of the particular expansion operation.

The expansion cone 2355 may be fabricated from any number of conventional
commercially available materials such as, for example, machine tool steel, nitride steel,
titanium, tungsten carbide, ceramics or other similar high strgength materials. The
expansion cone 2355 is fabricated from D2 machine tool steé] in order to optimally
provide high strength, abrasion resistance, and galling resistance. The outside surface
of the expansion cone 2355 has a surface hardness ranging frlom about 58 to 62
Rockwell C in order to optimally provide high strength, abrasion resistance, resistance
to galling. .

The expansion cone 2355 may be coupled to the outside sealing mandrel 2350
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding, or a standard thre#ded connection. The
expansion cone 2355 is coupled to the outside sealing mandrél 2350 using a standard
threaded connection in order to optimally provide high strcngth and permit the
expansion cone 2355 to be easily replaced.

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel
launcher 2480 comprises a tubular section of casing having a reduced wall thickness
compared to the casing 2375. The wall thickness of the manﬁrel launcher 2480 is
about 50 to 100 % of the wall thickness of the casing 2375. In this manner, the
initiation of the radial expansion of the casing 2375 is facilitated, and the placement of
the apparatus 2300 into a wellbore casing and wellbore is facilitated.

The mandrel launcher 2480 may be coupled to the casing 2375 using any
number of conventional mechanical couplings. The mandrel launcher 2480 may have

a wall thickness ranging, for example, from about 0.15 to 1.5 inches. The wall
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thickness of the mandrel launcher 2480 ranges from about 0.25 to 0.75 inches in order
to optimally provide high strength in a minimal proﬁie. The mandrel launcher 2480
may be fabricated from any number of conventional commercially available materials
such as, for example, oilfield tubular goods, low alloy steel, carbon steel, stainless steel
or other similar high strength materials. The mandre! launcher 2480 is fabricated from
oilfield tubular goods having a higher strength than that of the casing 2375 but witha
smaller wall thickness than the casing 2375 in order to optimally provide a thin walled
container having approximately the same burst strenﬁth as that of the casing 2375.

The mechanical slip body 2460 is coupled to the load mandrel 2345, the
mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 2460
preferably comprises a tubular member having an ini)er passage 2485 fluidicly coupled
to the passage 2415. In this manner, fluidic materials may be conveyed from the
passage 2484 to a region outside of the apparatus 2360.

The mechanical slip body 2360 may be coupfed to the load mandrel 2345 using
any number of conventional mechanical couplings. The mechanical slip body 2360 is
removably coupled to the load mandrel 2345 using threads and sliding steel retaining
rings in order to optimally provide a high strength attachment. The mechanical slip
body 2360 may be coupled to the mechanical slips 2365 using any number of
conventional mechanical couplings. The mechanical slip body 2360 is removably
coupled to the mechanical slips 2365 using threads and sliding steel retaining rings in
order to optimally provide a high strength attachment. The mechanical slip body 2360
may be coupled to the drag blocks 2370 using any number of conventional mechanical
couplings. The mechanical slip body 2360 is removably coupled to the drag blocks
2365 using threads and sliding steel retaining nngs in order to optimally provide a high
strength attachment. '

The mechanical slips 2365 are coupled to the outside surface of the mechanical
slip body 2360. During operation of the apparatus 2300, the mechanical slips 2365
prevent upward movement of the casing 2375-and rrﬂandrel launcher 2480. In this
manner, during the axial reciprocation of the expansion cone 2355, the casing 2375
and mandrel launcher 2480 are maintained in a substantially stationary position. In
this manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial

direction by the axial movement of the expansion cone 2355.
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The mechanical slips 2365 may comprise any number of ¢ nventional
commercially available mechanical slips such as, for example, RTTS packer tungsten
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L
retrievable bridge plug tungsten carbide upper mechanical slips. The mechanical slips
2365 comprise RTTS packer tungsten carbide mechanical slips available from
Halliburton Energy Services in order to optimally provide resistance to axial
movement of the casing 2375 during the expansion process. !

The drag blocks 2370 are coupled to the outside surface of the mechanical slip
body 2360. During operation of the apparatus 2300, the dragf blocks 2370 prevent
upward movement of the casing 2375 and mandrel launcher 2480. In this manner,
during the axial reciprocation of the expansion cone 2355, the casing 2375 and
mandre] launcher 2480 are maintained in a substantially stationary position. In this
manner, the mandrel launcher 2480 and casing 2375 are expaﬁnded in the radial
direction by the axial movement of the expansion cone 2355..

The drag blocks 2370 may comprise any number of conventional commercially
available mechanical slips such as, for example, RTTS packe:r mechanical drag blocks
or Model 3L retrievable bridge plug drag blocks. The drag b:locks 2370 comprise
RTTS packer mechanical drag blocks available from Halliburton Energy Services in
order to optimally provide resistance to axial movement of the casing 2375 during the
expansion process. '

The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is
further removably coupled to the mechanical slips 2365 and amg blocks 2370. The
casing 2375 preferably comprises a tubular member. The casing 2375 may be
fabricated from any number of conventional commercially available materials such as,
for example, slotted tubulars, oil country tubular goods, carbbn steel, low alloy steel,
stainless steel or other similar high strength materials. The chsing 2375 is fabricated
from oilfield country tubular goéds available from various f&reign and domestic steel
mills in order to optimally provide high strength. The uppeni' end of the casing 2375
includes one or more sealing members positioned about the éxtcrior of the casing
2375. '

During operation, the apparatus 2300 is positioned in a wellbore with the upper

end of the casing 2375 positioned in an overlapping relationship within an existing
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wellbore casing. In order minimize surge pressures within the borehole during
placement of the apparatus 2300, the fluid passage 2380 is preferably provided with
one or more pressure relief passages. During the platement of the apparatus 2300 in
the wellbore, the casing 2375 is supported by the exﬁansion cone 2355.

After positioning of the apparatus 2300 within the bore hole in an overlapping
relationship with an existing section of wellbore casi}xg, a first fluidic matenal is
pumped into the fluid passage 2380 from a surface lti)cation. The first fluidic material
is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 2395, 2405,
2415, and 2485. The first fluidic material will then éxit the apparatus 2300 and fill the
annular region between the outside of the apparatus 2300 and the interior walls of the
bore hole. ‘

The first fluidic material may comprise any number of conventional
commercially available materials such as, for exampie, epoxy, drilling mud, slag mix,
cement, or water. The first fluidic material compdsés a hardenable fluidic sealing
material such as, for example, slag mix, epoxy, or ce.:ment. In this manner, a wellbore
casing having an outer annular layer of a hardcnablci material may be formed.

The first fluidic material may be pumped into the apparatus 2300 at operating
pressures and flow rates ranging, for example, from :about 0 to 4,500 psi, and O to
3,000 gallons/minute. The first fluidic material is pt;mped into the apparatus 2300 at
operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200
gallons/minute in order to optimally provide operatié:nal efficiency.

At a predetermined point in the injection of the first fluidic material such as, for
example, after the annular region outside of the appératus 2300 has been filled to a
predetermined level, a plug 2470, dart, or other simiia.r device is introduced into the
first fluidic material. The plug 2470 lodges in the t};roat passage 2465 thereby
fluidicly isolating the fluid passage 2405 from the fluid passage 2415.

After placement of the plug 2470 in the thro';it passage 2465, a second fluidic
material is pumped into the fluid passage 2380 in oréder to pressurize the pressure
chamber 2475. The second fluidic material may cofnprise any number of conventional
commercially available materials such as, for example, water, drilling gases, drilling
mud or lubricants. The second fluidic material com:priseS a non-hardenable fluidic

material such as, for example, water, drilling mud or lubricant.
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The second fluidic material may be pumped into the apparatus 2300 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The second fluidic material is purﬁped into the apparatus
2300 at operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to
1,200 gallons/minute in order to optimally provide operationél efficiency.

The pressurization of the pressure chamber 2475 causes the upper sealing head
2335, outer sealing mandrel 2350, and expansion cone 2355 t:o move in an axial
direction. The pressurization of the pressure chamber 2475 also causes the hydraulic
slips 2325 to expand in the radial direction and hold the casir;g 2375 in a substantially
stationary position. Furthermore, as the expansion cone 2355 moves in the axial
direction, the expansion cone 2355.'§ixlls the mandrel launchér 2480 and drag blocks
2370 along, which sets the mechanical slips 2365 and stops further axial movement of
the mandrel launcher 2480 and casing 2375. In this manner, ithe axial movement of the
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 2375.

Once the upper sealing head 2335, outer sealing mandrel 2350, and expansion
cone 2355 complete an axial stroke, the operating pressure of the second fluidic
material is reduced. The reduction in the operating pressure of the second fluidic
material releases the hydraulic slips 2325. The drill string 2505 is then raised. This
causes the inner sealing mandrel 2330, lower sealing head 2j40, load mandrel 2345,
and mechanical slip body 2360 to move upward. This unsets the mechanical slips
2365 and permits the mechanical slips 2365 and drag blocks 2370 to be moved within
the mandrel launcher 2480 and casing 2375. When the lower sealing head 2340
contacts the upper sealing head 2335, the second fluidic material is again pressurized
and the radial expansion process continues. In this manner, the mandrel launcher 2480
and casing 2375 are radial expanded through repeated axial strokes of the upper
sealing head 2335, outer sealing mandrel 2350 and expansion cone 2355. Throughput
the radial expansion process, the upper end of the casing 2375 is preferably maintained
in an overlapping relation with an existing section of wellbore casing.

At the end of the radial expansion process, the upper end of the casing 2375 is
expanded into intimate contact with the inside surface of the lower end of the existing
wellbore casing. The sealing members provided at the upper end of the casing 2375

provide a fluidic seal between the outside surface of the uppér end of the casing 2375
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and the inside surface of the lower end of the existiné wellbore casing. The contact
pressure between the casing 2375 and the existing seétion of wellbore casing ranges
from about 400 to 10,000 psi in order to optimally provide contact pressure, activate
the sealing members, and withstand typical tensile arid compressive loading
conditions. |

As the expansion cone 2355 nears the upper end of the casing 2375, the
operating pressure of the second fluidic material is reduced in order to minimize shock
to the apparatus 2300. The apparatus 2300 includes a shock absorber for absorbing the
shock created by the completion of the radial expansion of the casing 2375.

The reduced operating pressure of the second;ﬂuidic material ranges from about
100 to 1,000 psi as the expansion cone 2355 nears th%e end of the casing 2375 in order
to optimally provide reduced axial movement and vélocity of the expansion cone 2355.
The operating pressure of the second fluidic material is reduced during the return
stroke of the apparatus 2300 to the range of about 0 to 500 psi in order minimize the
resistance to the movement of the expansion cone 2i55 during the return stroke. The
stroke length of the apparatus 2300 ranges from about 10 to 45 feet in order to
optimally provide equipment that can be handled by typical oil well rigging equipment
and minimize the frequency at which the expansion cone 2355 must be stopped to
permit the apparatus 2300 to be re-stroked. .

At least a portion of the upper sealing head 2335 includes an expansion cone
for radially expanding the mandrel launcher 2480 and casing 2375 during operation of
the apparatus 2300 in order to increase the surface area of the casing 2375 acted upon
during the radial expansion process. In this manner, the operating pressures can be
reduced. . |

Mechanical slips 2365 are positioned in an kial location between the sealing
sleeve 2315 and the inner sealing mandrel 2330 in drder to optimally the construction
and operation of the apparatus 2300.

Upon the complete radial expansion of the césing 2375, if applicable, the first
fluidic material is permitted to cure within the annular region between the outside of
the expanded casing 2375 and the interior walls of the wellbore. In the case where the
casing 2375 is slotted, the cured fluidic material preferably permeates and envelops the

expanded casing 2375. In this manner, a new section of wellbore casing is formed
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within a wellbore. Altematively, the apparatus 2300 may be used to join a first section
of pipeline to an existing section of pipeline. Altematively, the apparatus 2300 may be
used to directly line the interior of a wellbore with a casing, \;/ithout the use of an outer
annular layer of a hardenable material. Alternatively, the apﬁaratus 2300 may be used
to expand a tubular support member in a hole.

During the radial expansion process, the pressurized areas of the apparatus
2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 2410,
and the pressure chamber 2475. No fluid pressure acts direcﬁy on the mandrel
launcher 2480 and casing 2375. This permits the use of operating pressures higher
than the mandrel launcher 2480 and casing 2375 could normilly withstand.

Referring now to Figure 18, an apparatus 2500 for foﬁning a mono-diameter

wellbore casing will be described. The apparatus 2500 prefe}ably includes a drillpipe

. 2505, an innerstring adapter 2510, a sealing sleeve 2515, a h)'/draulic slip body 2520,

hydraulic slips 2525, an inner sealing mandre! 2530, upper sealing head 2535, lower

sealing head 2540, outer sealing mandrel 2545, load mandrel 2550, expansion cone

. 2553, casing 2560, and fluid passages 2565, 2570, 2578, 2580, 2585, 2590, 2595, and

2600.

The drillpipe 2505 is coupled to the innerstring adapt:er 2510. During operation
of the apparatus 2500, the drillpipe 2505 supports the apparaitus 2500. The drillpipe
2505 preferably comprises a substantially hollow tubular mesmber or members. The
drillpipe 2505 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tuliular goods, low alloy
steel, carbon steel, stainless steel or other similar high sUenéth materials. The drillpipe
2505 is fabricated from coiled tubing in order to facilitate the placement of the
apparatus 2500 in non-vertical wellbores. The drillpipe 2505 may be coupled to the
innerstring adapter 2510 using any number of conventional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty threaded connection, or a standard tﬁreaded connection. The
drillpipe 2505 is removably coupled to the innerstring adapter 2510 by a drillpipe
connection. a drillpipe connection provides the advantages of high stren gth and easy

disassembly.
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The drillpipe 2505 preferably includes a fluid passage 2565 that is adapted to
convey fluidic materials from a surface location into the fluid passage 2570. The fluid
passage 2565 is adapted to convey fluidic materials séuch as, for example, cement,
epoxy, water, drilling mud, or lubricants at operating pressures and flow rates ranging
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The innerstring adapter 2510 is coupled to the drill string 2505 and the sealing
sleeve 2515. The innerstring adapter 2510 preferablgy comprises a substantially hollow
tubular member or members. The innerstring adapter 2510 may be fabricated from
any number of conventional commercially available materials such as, for example,
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other
similar high strength materials. The innerstring ada{bter 2510 is fabricated from
stainless steel in order to optimally provide high stréngth, corrosion resistance, and low
friction surfaces. '

The innerstring adapter 2510 may be coupledE to the drill string 2505 using any
number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, or a standard threaded connection. The innerstring adapter 2510 is
removably coupled to the drill pipe 2505 by a drillpipe connection. The innerstring
adapter 2510 may be coupled to the sealing sleeve 231 5 using any number of
conventional commercially available mechanical couplingé such as, for example,
drillpipe connection, oilfield country tubular goods 5specialty type threaded connection,
ratchet-latch type threaded connection or a standard threaded connection. The
innerstring adapter 2510 is removably coupled to th;: sealing sleeve 2515 by a standard
threaded connection.

The innerstring adapter 2510 preferably includes a fluid passage 2570 that is
adapted to convey fluidic materials from the fluid p;ssage 2565 into the fluid passage
2575. The fluid passage 2570 is adapted to convey fluidic materials such as, for
example, cement, epoxy, water, drilling mud or lublg'icants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The sealing sleeve 2515 is coupled to the inﬁerstring adapter 2510 and the
hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a

substantially hollow tubular member or members. The sealing sleeve 251 5 may be
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fabricated from any number of conventional commercially available materials such as,
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel
or other similar high strength materials. The sealing sleeve 2515 is fabricated from
stainless steel in order to optimally prévide high strength, corrosion resistance, and
low-friction surfaces.

The sealing sleeve 2515 may be coupled to the innerstrin g adapter 2510 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connections, oilfield country tubular goods specialty type threaded
connection, ratchet-latch type threaded connection, or a stan&rd threaded connection.
The sealing sleeve 2515 is removably coupled to the innerstrfng adapter 2510 by a
standard threaded connection. The sealing sleeve 2515 may be coupled to the
hydraulic slip body 2520 using any number of conventional éommercially available
mechanical couplings such as, for example, drillpipe connecﬁ'on, oilfield country
tubular goods specialty type threaded connection, ratchet—lat&h type threaded
connection, or a standard threaded connection. The sealing éleeve 2515 is removably
coupled to the hydraulic slip body 2520 by a standard threaded connection. '

The sealing sleeve 2515 preferably includes a fluid péssage 2575 that is adapted
to convey fluidic materials from the fluid passage 2570 into ihe fluid passage 2580.
The fluid passage 2575 is adapted to convey fluidic materials such as, for example,
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mit;ute.

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the
hydraulic slips 2525, and the inner sealing mandrel 2530. Ti’:e hydraulic slip body
2520 preferably comprises a substantially hollow tubular member or members. The
hydraulic slip body 2520 may be fabricated from any number of conventional
commercially available materials such as, for example, oilﬁe]d country tubular goods,
low alloy steel, carbon steel, stainless steel or other similar high strength materials.
The hydraulic slip body 2520 is fabricated from carbon steel in order to optimally
provide high strength.

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 using
any number of conventional commercially available mechanical couplings such as, for

example, drillpipe connection, oilfield country tubular goods specialty type threaded
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connection, ratchet-latch type threaded connection or a standard threaded connection,
The hydraulic slip body 2520 is removably coupled to the sealing sleeve 2515 by a
standard threaded connection. The hydraulic slip bociy 2520 may be coupled to the
slips 2525 using any number of conventional comme.}cially available mechanical
couplings such as, for example, threaded connection or welding. The hydraulic slip
body 2520 is removably coupled to the slips 2525 by a threaded connection. The
hydraulic slip body 2520 may be coupled to the inneé sealing mandrel 2530 using any
number of conventional commercially available mccjhanical couplings such as, for
example, drillpipe connection, oilfield country tubul;ir goods specialty type threaded
connection, welding, amorphous bonding or a stand&d threaded connection. The
hydraulic slip body 2520 is removéﬁly coupled to thé inner sealing mandrel 2530 by a
standard threaded connection. |

The hydraulic slips body 2520 preferably includes a fluid passage 2580 that is
adapted to convey fluidic materials from tﬁe fluid pafssage 2575 into the fluid passage
2590. The fluid passage 2580 is adapted to convey é’luidic materials such as, for
example, cement, epoxy, water, drilling mud or Iubﬁ;cants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 t& 3,000 gallons/minute.

The hydraulic slips body 2520 preferably includes fluid passages 2585 that are
adapted to convey fluidic materials from the fluid paissage 2580 into the pressure
chambers of the hydraulic slips 2525. In this manne;', the slips 2525 are activated upon
the pressurization of the fluid passage 2580 into contact with the inside surface of the
casing 2560. The fluid passages 2585 are adapted tnio convey fluidic materials such as,
for example, water, drilling mud or lubricants at opérating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The slips 2525 are coupled to the outside sur}‘ace of the hydraulic slip body
2520. During operation of the apparatus 2500, the élips 2525 are activate_d upon the
pressurization of the fluid passage 2580 into contact% with the inside surface of the
casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a substantially
stationary position.

The slips 2525 preferably include the fluid passages 2585, the pressure
chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may

comprise any number of conventional commercially available hydraulic slips such as,
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for example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable
bridge plug with hydraulic slips. The slips 2525 comprise RTTS packer tungsten
carbide hydraulic slips available from Halliburton Energy Scx'?vices in order to
optimally provide resistance to axial movement of the casing 2560 during the
expansion process.

The inner sealing mandrel 2530 is coupled to the hydr!pulic slip body 2520 and
the lower sealing head 2540. The inner sealing mandrel 2536 preferably comprises a
substantially hollow tubular member or members. The inner 'sealing mandrel 2530
may be fabricated from any number of conventional corrm\ericially available matenals
such as, for example, oilfield country tubular goods, low allofy steel, carbon steel,
stainless steel or other similar high strength materials. The irfmer sealing mandrel 2530
is fabricated from stainless steel in order to optimally provide high strength, corrosion
resistance, and low friction surfaces. _

The inner sealing mandrel 2530 may be coupled to the hydraulic slip body 2520
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubula:: goods specialty type
threaded connection, welding, amorphous bonding, or a stan(ilard threaded connection.
The inner sealing mandrel 2530 is removably coupled to the hydraulic slip body 2520
by a standard threaded connection. The inner sealing mgndfel 2530 may be coupled
to the lower sealing head 2540 using any number of conventional commercially
available mechanical couplings such as, for example, oilﬁelci country tubular goods
specialty type threaded connection, drillpipe connection, weiding, amorphous bonding,
or a standard threaded connection. The inner sealing mandré] 2530 is removably
coupled to the lower sealing head 2540 by a standard theadéd connection.

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that is
adapted to convey fluidic materials from the fluid passage 25_80 into the fluid passage
2600. The fluid passage 2590 is adapted to convey fluidic materials such as, for
example, cement, epoxy, water, drilling mud or lubricants at, operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and
expansion cone 2555. The upper sealing head 2535 is also hovably coupled to the

outer surface of the inner sealing mandrel 2530 and the inner surface of the casing
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2560. In this manner, the upper sealing head 2535 réciprocates in the axial direction.
The radial clearance between the inner cylindrical suirface of the upper sealing head
2535 and the outer surface of the inner sealing mandrel 2530 may range, for example,
from about 0.0025 to 0.05 inches. The radial cleararfce between the inner cylindrical
surface of the upper sealing head 2535 and the outer surface of the inner sealing
mandrel 2530 ranges from about 0.005 to 0.01 inche§ in order to optimally provide
minimal radial clearance. The radial clearance betwéen the outer cylindrical surface of
the upper sealing head 2535 and the inner surface of the casing 2560 may range, for
example, from about 0.025 to 0.375 inches. The radial clearance between the outer
cylindrical surface of the upper sealing head 2535 anfd the inner surface of the casing
2560 ranges from about 0.025 to 0.125 inches in ordler to optimally provide
stabilization for the expansion cone 2535 during the expansion process.

The upper sealing head 2535 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. Tﬂe upper sealing head 2535 may be
fabricated from any number of conventional commeil_'cially available materials such as,
for example, oilfield country tubular goods, low allogy steel, carbon steel, stainless steel
or other similar high strength materials. The upper s;ealing head 2535 is fabricated
from stainless steel in order to optimally provide hig}n strength, corrosion resistance,
and low friction surfaces. The inner surface of the ui)per sealing head 2535 preferably
includes one or more annular sealing members 2620:for sealing the interface between
the upper sealing head 2535 and the inner sealing m@ndrel 2530. The sealing members
2620 may comprise any number of conventional corﬁmcrcially available annular
sealing members such as, for example, o-rings, poly;?:ak seals, or metal spring
energized seals. The sealing members 2620 compri?le polypak seals available from
Parker Seals in order to optimaily provide sealing fo} a long axial stroke.

The upper sealing head 2535 includes a shouider 2625 for supporting the upper
sealing head 2535, outer sealing mandrel 2545, and jcxpansion cone 2555 on the lower
sealing head 2540.

The upper sealing head 2535 may be coupled to the outer sealing mandrel 2545
using any number of conventional commercially available mechanical couplings such
as, for example, oilfield country tubular goods specialty threaded connection, pipeline

connection, welding, amorphous bonding, or a standard threaded connection. The
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upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 by a
standard threaded connection. The mechanical coupling bet;\reen the upper sealing
head 2535 and the outer sealing mandrel 2545 includes one c;r more sealing members
2630 for fluidicly sealing the interface between the upper seéling head 2535 and the
outer sealing mandrel 2545. The sealing members 2630 may comprise any number of
conventional commercially available sealing members such as, for example, o-rings,
polypak seals or metal spring energized seals. The sealing members 2630 comprise
polypak seals available from Parker Seals in order to optimally provide sealing for a
long axial stroke. ‘

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 and
the load mandrel 2550. The lower sealing head 2540 is also :movably coupled to the
inner surface of the outer sealing mandrel 2545. In this man;\er, the upper sealing head
2535, outer sealing mandrel 2545, and expansion cone 2555 }eciprocate in the axial
direction.

The radial clearance between the outer surface of the lower sealing head 2540
and the inner surface of the outer sealing mandrel 2545 may ;'ange, for example, from
about 0.0025 to 0.05 inches. The radial clearance between tli:e outer surface of the
lower sealing head 2540 and the inner surface of the outer se:aling mandrel 2545 ranges
from about 0.005 to 0.01 inches in order to optimally providc} minimal radial clearance.

The lower sealing head 2540 preferably comprises an annular member having
substantially cylindrical inner and outer surfaces. The lower sealing head 2540 may be
fabricated from any number of conventional commercially aévailable materials such as,
for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel
or other similar high strength materials. The lower sealing head 2540 is fabricated
from stainless steel in order to dptimally provide high strength, corrosion resistance,
and low friction surfaces. The outer surface of the lower seailing head 2540 preferably
includes one or more annular sealing members 2635 for sealing the interface between
the lower sealing head 2540 and the outer sealing mandrel 2545. The sealing members
2635 may comprise any number of conventional commercially available annular
sealing members such as, for example, o-rings, polypak seals, or metal spring
energized seals. The sealing members 2635 comprise polypek seals available from
Parker Seals in order to optimally provide sealing for a long axial stroke.
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The lower sealing head 2540 may be coupledito the inner sealing mandrel 2530
using any number of conventional co::mercially available mechanical couplings such
as, for example, drillpipe connections, oilfield countty tubular goods specialty threaded
connection, or a standard threaded connection. The lower sealing head 2540 is
removably coupled to the inner sealing mandrel 2530 by a standard threaded
connection. The mechanical coupling between the lower sealing head 2540 and the
inner sealing mandrel 2530 includes one or more seaiing members 2640 for fluidicly
sealing the interface between the lower sealing head 2540 and the inner sealing
mandrel 2530. The sealing members 2640 may comprise any number of conventional
commercially available sealing members such as, fof example, o-rings, polypak seals

or metal spring energized seals. The sealing membefs 2640 comprise polypak seals

* available from Parker Seals in order to optimaily pf&vide sealing for a long axial

stroke.

The lower sealing head 2540 may be coupled to the load mandrel 2550 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, welding, amorphous bonding or a standard threaded connection. The
lower sealing head 2540 is removably coupled to thé load mandrel 2550 by a standard
threaded connection. The mechanical coupling between the lower sealing head 2540
and the load mandrel 2550 includes one or more seaiing members 2645 for fluidicly
sealing the interface between the lower sealing head52540 and the load mandrel 2550.
The sealing members 2645 may comprise any numbeér of conventional commercially
available sealing members such as, for example, o-rings, polypak seals or metal spring
energized seals. The sealing members 2645 wmpﬁée polypak seals available from
Parker Scals in order to optimally provide sealing for a long axial stroke.

The lower sealing head 2540 includes a throait passage 2650 fluidicly coupled
between the fluid passages 2590 and 2600. The throat passage 2650 is preferably of
reduced size and is adapted to receive and engage w:ith a plug 2655, or other similar
device. In this manner, the fluid passage 2590 is ﬂtﬁidicly isolated from the fluid
passage 2600. In this manner, the pressure chamber 2660 is pressurized.

The outer sealing mandrel 2545 is coupled to the upper sealing head 2535 and

the expansion cone 2555. The outer sealing mandrel 2545 is also movably coupled to
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the inner surface of the casing 2560 and the outer surface of the lower sealing head
2540. In this manner, the upper sealing head 2535, outer seaiing mandre] 2545, and
the expansion cone 2555 reciprocate in the axial direction. 'Iihe radial clearance
between the outer surface of the outer sealing mandrel 2545 and the inner surface of
the casing 2560 may range, for example, from about 0.025 t6 0.37S inches. The radial
clearance between the outer surface of the outer sealing mandrel 2545 and the inner
surface of the casing 2560 ranges from about 0.025 to 0.125 inches in order to
optimally provide stabilization for the expansion cone 2535 during the expansion
process. The radial clearance between the inner surface of the outer sealing mandrel
2545 and the outer surface of the lower sealing head 2540 may range, for example,
from about 0.005 to 0.01 inches. The radial clearance between the inner surface of the
outer sealing mandrel 2545 and the outer surface of the lowe!' sealing head 2540 ranges
from about 0.005 to 0.01 inches in order to optimaily providé minimal radial clearance.

The outer sealing mandrel 2545 preferably comprisesj an annular member
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel
2545 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon
steel, stainless steel or other similar high strength matenials. :The outer sealing mandrel
2545 is fabricated from stainless steel in order to optimally p'rovide high strength,
corrosion resistance, and low friction surfaces. :

The outer sealing mandrel 2545 may be coupled to the upper sealing head 2535
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubulazr goods specialty type
threaded connection, welding, amorphous bonding, or a standard threaded connection.
The outer sealing mandrel 2545 is removably coupled to the:upper sealing head 2535
by a standard threaded connection. The outer sealing mandrel 2545 may be coupled to
the expansion cone 2555 using any number of conventional comumercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, welding, amorphous bonding, or a
standard threaded connection. The outer sealing mandrel 2545 is removably coupled

to the expansion cone 2555 by a standard threaded connection.
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The upper sealing head 2535, the lower sealing head 2540, the inner sealing
mandrel 2530, and the outer sealing mandrel 2545 toéether define a pressure chamber
2660. The pressure chamber 2660 is fluidicly coupleid to the passage 2590 via one or
more passages 2595. During operation of the apparatus 2500, the plug 2655 engages
with the throat passage 2650 to fluidicly isolate the fluid passage 2590 from the fluid
passage 2600. The pressure chamber 2660 is then pt;essurized which in turn causes the
upper sealing head 2535, outer sealing mandrel 254.‘.3:, and expansion cone 2555 to
reciprocate in the axial direction. The axial motion of the expansion cone 2555 in turn
expands the casing 2560 in the radial direction.

The load mandrel 2550 is coupled to the lowér sealing head 2540. The load
mandrel 2550 preferably comprises an annular member having substantially cylindrical
inner and outer surfaces. The load mandrel 2550 mﬁy be fabricated from any number
of conventional commercially available materials such as, for example, oilfield country
tubular goods, low alloy steel, carbon steel, stainlessf steel or other similar high
strength materials. The load mandrel 2550 is fabric;).ted from stainless steel in order to
optimally provide high strength, corrosion resistancé, and low friction surfaces.

The load mandrel 2550 may be coupled to the lower sealing head 2540 using
any number of conventional commercially availablez mechanical couplings such as, for
example, oilfield country tubular goods, drillpipe c&nnmtion, welding, amorphous
bonding, or a standard threaded connection. The Joad mandrel 2550 is removably
coupled to the lower sealing head 2540 by a standard threaded connection.

The load mandrel 2550 preferably includes a fluid passage 2600 that is adapted
to convey fluidic materials from the fluid passage 2590 to the region outside of the
apparatus 2500. The fluid passage 2600 is adapted io convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud, or lubricants at operating pressures
and flow rates ranging, for example, from about 0 tﬁ) 9,000 psi and O to 3,000
gallons/minute. |

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The
expansion cone 2555 is also movably coupled to thé inner surface of the casing 2560.
In this manner, the upper sealing head 2535, outer siea]ing mandrel 2545, and the
expansion cone 2555 reciprocate in the axial direction. The reciprocation of the

expansion cone 2555 causes the casing 2560 to expand in the radial direction.
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The expansion cone 2555 preferably comprises an annular member having
substantially cylindrical inner and conical outer surfaces. The outside radius of the
outside conical surface may range, for example, from about 2 to 34 inches. The
outside radius of the outside conical surface ranges from about 3 to 28 in order to
optimally provide radial expansion for the widest variety of tubular casings. The axial
length of the expansion cone 2555 may range, for example, f;om about 2 to 8 times the
largest outside diameter of the expansion cone 2535. The axial length of the expansion
cone 2535 ranges from about 3 to 5 times the largest outside diameter of the expansion
cone 2535 in order to optimally provide stabilization and centralization of the
expansion cone 2535 during the expansion process. The maximum outside diameter of
the expansion cone 2555 is between about 95 to 99 % of the inside diameter of the
existing wellbore that the casing 2560 will be joined with. The angle of attack of the
expansion cone 2555 ranges from about 5 to 30 degrees in order to optimally balance
frictional forces and radial expansion forces. The optimum énglc of attack of the
expansion cone 2535 will vary as a function of the particular operational features of
the expansion operation. |

The expansion cone 2555 may be fabricated from any number of conventional
commercially available materials such as, for example, machine tool steel, nitride steel,
titanium, tungsten carbide, ceramics or other similar high stréngth materials. The
expansion cone 2555 is fabricated from D2 machine tool steel in order to optimally
provide high strength, and resistance to wear and galling. The outside surface of the
expansion cone 2555 has a surface hardness ranging from about 58 to 62 Rockwell C
in order to optimally provide high strength and wear resistarice.

The expansion cone 2555 may be coupled to the outsjde sealing mandrel 2545
using any number of conventional commercially available n;echanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding or a standard threaded connection. The
expansion cone 2555 is coupled to the outside sealing mandrel 2545 using a standard
threaded connection in order to optimally provide high stretigth and easy replacement
of the’expansion cone 2555.

The casing 2560 is removably coupled to the slips 2525 and expansion cone

2555. The casing 2560 preferably comprises a tubular member. The casing 2560 may
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be fabricated from any number of conventional commercially available materials such
as, for example, slotted tubulars, oilfield country tubﬁ]ar goods, low alloy steel, carbon
steel, stainless steel or other similar high strength maﬁterials. The casing 2560 is
fabricated from oilfield country tubular goods availaiale from various foreign and
domestic steel mills in order to optimally provide hiéh strength using standardized
materials. |

The upper end 2665 of the casing 2560 includes a thin wall section 2670 and an
outer annular sealing member 2675. The wall thickr{ess of the thin wall section 2670
is about 50 to 100 % of the regular wall thickness of’ ithc casing 2560. In this manner,
the upper end 2665 of the casing 2560 may be easily;f radially expanded and deformed
into intimate contact with the lower end of an exisﬁrig section of wellbore casing. The
lower end of the existing section of casing also inc]uédes a thin wall section. In this
manner, the radial expansion of the thin walled secﬁbn 2670 of casing 2560 into the
thin walled section of the existing wellbore casing résults in a wellbore casing having a
substantially constant inside diameter. |

The annular sealing member 2675 may be fabricated from any number of
conventional commercially available sealing materials such as, for example, epoxy,
rubber, metal, or plastic. The annular sealing memb?er 2675 is fabricated from
Stratal.ock epoxy in order to optimally provide compressibility and resistance to wear.
The outside diameter of the annular sealing membef 2675 preferably ranges from
about 70 to 95 % of the inside diameter of the IowerE section of the wellbore casing that
the casing 2560 is joined to. In this manner, after radial expansion, the annular sealing
member 2670 optimally provides a fluidic seal and élso preferably optimally provides
sufficient frictional force with the inside surface of ﬂhe existing section of wellbore
casing during the radial expansion of the casing 2560 to support the casing 2560.

The lower end 2680 of the casing 2560 inclufdes a thin wall section 2685 and an
outer annular sealing member 2690. The wall thickhcss of the thin wall section 2685
is about 50 to 100 % of the regulér wall thickness oi’ the casing 2560. In this manner,
the lower end 2680 of the casing 2560 may be easilgy expanded and deformed.
Furthermore, in this manner, an other section of casing may be easily joined with the
lower end 2680 of the casing 2560 using a radial ex‘pansicm process. The upper end of

the other section of casing also includes a thin wall section. In this manner, the radial
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expansion of the thin walled section of the upper end of the ther casing into the thin
walled secti n 2685 of the lower end 2680 of the casing 256Q results in a wellbore
casing having a substantially constant inside diameter.

The annular sealing member 2690 may be fabricated from any number of
conventional commercially available sealing materials such és, for example, rubber,
metal, plastic or epoxy. The annular sealing member 2690 is fabricated from
StrataLock epoxy in order to optimally provide compressibility and resistance to wear.
The outside diameter of the annular sealing member 2690 préferably ranges from
about 70 to 95 % of the inside diameter of the lower section of the existing wellbore
casing that the casing 2560 is joined to. In this manner, after radial expansion, the
annular sealing member 2690 preferably provides a fluidic séal and also preferably
provides sufficient frictional force with the inside wall of the wellbore during the radial
expansion of the casing 2560 to support the casing 2560. A

During operation, the apparatus 2500 is preferably poéitioned in a wellbore
with the upper end 2665 of the casing 2560 positioned in an overlapping relationship
with the lower end of an existing wellbore casing. The thin wall section 2670 of the
casing 2560 is positioned in opposing overlapping relation with the thin wall section
and outer annular sealing member of the lower end of the existing section of wellbore
casing. In this manner, the radial expansion of the casing 2560 will compress the thin
wall sections and annular compressible members of the uppér end 2665 of the casing
2560 and the lower end of the existing wellbore casing into i;mtimate contact. During
the positioning of the apparatus 2500 in the wellbore, the casing 2560 is supported by
the expansion cone 2555. |

After positioning of the apparatus 2500, a first fluidic material is then pumped
into the fluid passage 2565. The first fluidic material may comprise any number of
conventional commercially available materials such as, for example, cement, water,
slag-mix, epoxy or drilling mud. The first fluidic matenial cbmprises a hardenable
fluidic sealing material such as, for example, cement, epoxy, or slag-mix in order to
optimally provide a hardenable outer annular body around tﬁe expanded casing 2560.

The first fluidic material may be pumped into the ﬂu{d passage 2565 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and

0 to 3,000 gallons/minute. The first fluidic material is pumped into the fluid passage
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2565 at operating pressures and flow rates ranging from about 0 to 3,500 psiand O to
1,200 gallons/minute in order to optimally provide oLcrational efficiency.

The first fluidic material pumped into the ﬂuiﬂ passage 2565 passes through the
fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 2500.
The first fluidic material then preferably fills the annular region between the outside of
the apparatus 2500 and the interior walls of the welllﬁore.

The plug 2655 is then introduced into the fluid passage 2565. The plug 2655
lodges in the throat passage 2650 and fluidicly isolanies and blocks off the fluid passage
2590. A couple of volumes of a non-hardenable ﬂuihic material are then pumped into
the fluid passage 2565 in order to remove any hardemable fluidic material contained
within and to ensure that none of the fluid passages are blocked.

A second fluidic material is then pumped intd the fluid passage 2565. The
second fluidic material may comprise any number oi’ conventional commercially

available materials such as, for example, water, drilling gases, drilling mud or

lubricant. The second fluidic material comprises a non-hardenable fluidic material

such as, for example, water, drilling mud, or lubricant in order to optimally provide
pressurization of the pressure chamber 2660 and minimize friction.

The second fluidic material may be pumped into the fluid passage 2565 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The second fluidic mateﬁal is pumped into the fluid
passage 2565 at operating pressures and flow rates rgnnging from about 0 to 3,500 psi
and O to 1,200 gallons/minute in order to optimally ﬁrovide operational efficiency.

The second fluidic material pumped into the fluid passage 2565 passes through
the fluid passages 2570, 2575, 2580, 2590 and into fhe pressure chambers 2605 of the
slips 2525, and into the pressure chamber 2660. Continued pumping of the second
fluidic material pressurizes the pressure chambers 2605 and 2660.

The pressurization of the pressure chambers 2605 causes the slip members 2525
to expand in the radial direction and grip the interior surface of the casing 2560. The
casing 2560 is then preferably maintained in a subséantially stationary position.

The pressurization of the pressure chamber 2660 causes the upper sealing head
2535, outer sealing mandrel 2545 and expansion cone 2555 to move in an axial

direction relative to the casing 2560. In this manner, the expansion cone 2555 will
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cause the casing 2560 to expand in the radial direction, beginning with the lower end
2685 of the casing 2560.

During the radial expansion process, the casing 2560 is prevented from moving
in an upward direction by the slips 2525. A length of the cas;ing 2560 is then expanded
in the radial direction through the pressurization of the pressure chamber 2660. The
length of the casing 2560 that is expanded during the expansion process will be
proportional to the stroke length of the upper sealing head 2535, outer sealing mandrel
2545, and expansion cone 255S.

Upon the completion of a stroke, the operating pressure of the second fluidic
material is reduced and the upper sealing head 2535, outer sealing mandrel 2545, and
expansion cone 2555 drop to their rest positions with the casing 2560 supported by the
expansion cone 2555. The position of the drillpipe 2505 is preferably adjusted
throughout the radial expansion process in order to maintain the overlapping
relationship between the thin walled sections of the lower end of the existing wellbore
casing and the upper end of the casing 2560. The stroking of the expansion cone 2555
is then repeated, as necessary, until the thin walled section 2670 of the upper end 2665
of the casing 2560 is expanded into the thin walled section of the lower end of the
existing wellbore casing. In this manner, a wellbore casing is formed including two
adjacent sections of casing having a substantially constant inside diameter. This
process may then be repeated for the entirety of the wellbore to provide a wellbore
casing thousands of feet in length having a substantially constant inside diameter.

During the final stroke of the expansion cone 2555, tﬁe slips 2525 are
positioned as close as possible to the thin walled section 2670 of the upper end 2665 of
the casing 2560 in order minimize slippage between the casing 2560 and the existing
wellbore casing at the end of the radial expansion process. Altematively, orin
addition, the outside diameter of the annular sealing member 2675 is selected to ensure
sufficient interference fit with the inside diameter of the lower end of the existing
casing to prevent axial displacement of the casing 2560 during the final stroke.
Alternatively, or in addition, the outside diameter of the annular sealing member 2690
is selected to provide an interference fit with the inside waII:s of the wellbore at an
earlier point in the radial expansion process so as to prevent further axial displacement

of the casing 2560. In this final alternative, the interference fit is preferably selected
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to permit expansion of the casing 2560 by pulling thé expansion cone 2555 out of the
wellbore, without having to pressurize the pressure chamber 2660.

During the radial expansion process, the pressjuﬁzed areas of the apparatus
2500 are preferably limited to the fluid passages 2565, 2570, 2575, 2580, and 2590, the
pressure chambers 2605 within the slips 2525, and th:e pressure chamber 2660. No
fluid pressure acts directly on the casing 2560. This Permits the use of operating
pressures higher than the casing 2560 could normally withstand.

Once the casing 2560 has been completely exi)anded off of the expansion cone
2555, the remaining portions of the apparatus 2500 a}e removed from the wellbore.
The contact pressure between the deformed thin wall sections and compressible
annular members of the lower end of the existing caging and the upper end 2665 of the
casing 2560 ranges from about 400 to 10,000 psiin Qrdcr to optimally support the
casing 2560 using the existing wellbore casing.

In this manner, the casing 2560 is radially expanded into contact with an
existing section of casing by pressurizing the inten'm% fluid passages 2565, 2570, 2575,
2580, and 2590, the pressure chambers of the slips 2605 and the pressure chamber
2660 of the apparatus 2500, |

As required, the annular body of hardenable fluidic material is then allowed to
cure to form a rigid outer annular body about the expanded casing 2560. In the case
where the casing 2560 is slotted, the cured fluidic mz;terial preferably permeates and
envelops the expanded casing 2560. The resulting n;cw section of wellbore casing
includes the expanded casing 2560 and the rigid oute;r annular body. The overlapping
joint between the pre-existing wellbore casing and th'e expanded casing 2560 includes
the deformed thin wall sections and the compressible; outer annular bodies. The inner
diameter of the resulting combined wellbore casings is substantially constant. In this
manner, a mono-diameter wellbore casing is formed.! This process of expanding
overlapping tubular members having thin wall end pémions with compressible annular
bodies into contact can be repeated for the entire lenéth of a wellbore. In this manner,
a mono-diameter wellbore casing can be provided fof thousands of feet in a
subterranean formation.

As the expansion cone 2555 nears the upper end 2665 of the casing 2560, the

operating pressure of the second fluidic matenial is reduced in order to minimize shock
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to the apparatus 2500. The apparatus 2500 includes a shock absorber for absorbing the
shock created by the completion of the radial expansion of tﬁe casing 2560.

The reduced operating pressure of the second fluidic material ranges from about
100 to 1,000 psi as the expansion cone 2555 nears the end of the casing 2560 in order
to optimally provide reduced axial movement and velocity of the expansion cone 2555.
The operating pressure of the second fluidic material is reduéed during the return
stroke of the apparatus 2500 to the range of about 0 to 500 psi in order minimize the
resistance to the movement of the expansion cone 2555 duﬁﬁg the return stroke. The
stroke length of the apparatus 2500 ranges from about 10 to 45 feet in order to
optimally provide equipments lengths that can be easily handled using typical oil well
rigging equipment and also minimize the frequency at whichzapparatus 2500 must be
re-stroked.

At least a portion of the upper sealing head 2535 includes an expansion cone
for radially expanding the casing 2560 during operation of the apparatus 2500 in order
to increase the surface area of the casing 2560 acted upon dui‘ing the radial expansion
process. In this manner, the operating pressures can be reduéed.

Alternatively, the apparatus 2500 may be used to join:a first section of pipeline
to an existing secﬁon of pipeline. Alternatively, the apparatlis 2500 may be used to
directly line the interior of a wellbore with a casing, without ihe use of an outer annular
layer of a hardenable material. Alternatively, the apparatus 2500 may be used to
expand a tubular support member in a hole. |

Referring now to Figures 19, 19a and 19b, an apparatus 2700 for expanding a
tubular member will be described. The apparatus 2700 pref&ably includes a drillpipe
2705, an innerstring adapter 2710, a sealing sleeve 2715, a first inner sealing mandrel
2720, a first upper sealing head 2725, a first lower sealing head 2730, a first outer
sealing mandrel 2735, a second inner sealing mandrel 2740, a second upper sealing
head 2745, a second lower sealing head 2750, a second outer sealing mandrel 2755, a
load mandrel 2760, an expansion cone 2765, a mandrel launcher 2770, a mechanical
slip body 2775, mechanical slips 2780, drag blocks 2788, casing 2790, and fluid
passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, and 2830.

The drillpipe 2705 is coupled to the innerstring adapter 2710. During operation
of the apparatus 2700, the drillpipe 2705 supports the apparaius 2700. The dnllpipe
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2705 preferably ¢ mprises a substantially hollow tubular member or members. The
drillpipe 2705 may be fabricated from any number o:f convertional commercially
available materials such as, for example, oilfield couhtry tubular goods, low alloy
steel, carbon steel, stainless‘ steel, or other similar hiéh strength materials. The
drillpipe 2705 is fabricated from coiled tubing in orcia to facilitate the placement of
the apparatus 2700 in non-vertical wellbores. The dtillpipe 2705 may be coupled to
the innerstring adapter 2710 using any number of coﬁventional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty threaded connection, or a staéndard threaded connection. The
dnllpipe 2705 is removably coupled to the innerstring adapter 2710 by a drillpipe
connection in order to optimally provide high strengtjh and easy disassembly.

The drillpipe 2705 preferably includes a ﬂuia passage 2795 that is adapted to
convey fluidic materials from a surface location into;thc fluid passage 2800. The fluid
passage 2795 is adapted to convey fluidic materials #uch as, for example, cement,
epoxy, Water, drilling mud or lubricants at operating ;pressures and flow rates ranging ,
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The innerstring adapter 2710 is coupled to thé drill string 2705 and the sealing
sleeve 2715. The innerstring adapter 2710 preferabfy comprises a substantially hollow
tubular member or members. The innerstring adaptér 2710 may be fabricated from
any number of conventional commercially available :materials such as, for example,
oilfield country tubular goods, low alloy steel, carbo;l steel, stainless steel or other
similar high strength materials. The innerstring ada;i)ter 2710 is fabricated from
stainless steel in order to optimally provide high streingth, corrosion resistance, and low
friction surfaces.

The innerstring adapter 2710 may be coupleci to the drill string 2705 using any
number of conventional commercially available medihanical couplings such as, for
example, drillpipe connection, oilfield country tubul%hr goods specialty threaded
connection, or a standard threaded connection. The innerstring adapter 2710 1s
removably coupled to the drill pipe 2705 by a standdrd threaded connection in order to
optimally provide high strength and easy disassembly. The innerstring adapter 2710
may be coupled to the sealing sleeve 2715 using an); number of conventional

commercially available mechanical couplings such as, for example, drillpipe
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connection, oilfield country tubular goods specialty type threaded connection, ratchet-
latch type threaded connection or a standard threaded connection. The innerstring
adapter 2710 is removably coupled to the sealing sleeve 2715 by a standard threaded
connection.

The innerstring adapter 2710 preferably includes a fluid passage 2800 that is
adapted to convey fluidic materials from the fluid passage 2795 into the fluid passage
2805. The fluid passage 2800 is adapted to convey fluidic mai_erials such as, for
example, cement, epoxy, water, drilling mud or lubricants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 éallons/minute.

The sealing sleeve 2715 is coupled to the innerstring ;;daptet 2710 and the first
inner sealing mandrel 2720. The segiing sleeve 2715 preferably comprises a
substantially hollow tubular member or members. The seali;\g sleeve 2715 may be
fabricated from any number of conventional commercially available materials such as,
for example, oilfield country tubular goods, low alloy steel, 'carbon steel, stainless steel
or other similar high strength materials. The sealing sleeve i?l 5 is fabricated from
stainless steel in order to optimally provide high strength, co;-rosion resistance, and low
friction surfaces. '

The sealing sleeve 2715 may be coupled to the innerstring adapter 2710 using
any number of conventional commercially available mechan;ical couplings such as, for
example, drillpipe connection, oilfield country tubular goods specialty type threaded
connection, welding, amorphous bonding, or a standard threaded connection. The |
sealing sleeve 2715 is removably coupled to the innerstring adapter 2710 by a standard
threaded connector. The sealing sleeve 2715 may be coupled to the first inner sealing
mandrel 2720 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, welding, amorphous boriding or a standard
threaded connection. The sealing sleeve 2715 is removably scouplcd to the inner
sealing mandrel 2720 by a standard threaded connection. i

The sealing sleeve 2715 preferably includes a fluid passage 2802 that is adapted
to convey fluidic materials from the fluid passage 2800 into the fluid passage 2805.

The fluid passage 2802 is adapted to convey fluidic materials such as, for example,
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cement, epoxy, water, drilling mud or lubricants at operating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallbns/nﬁnute.

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 and
the first lower sealing head 2730. The first inner sealing mandrel 2720 preferably
comprises a substantially hollow tubular member or members. The first inner sealing
mandrel 2720 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield coxfntry tubular goods, low alioy
steel, carbon steel, stainless steel or other similar hiéh strength materials. The first
inner sealing mandrel 2720 is fabricated from stainleiss steel in order to optimally
provide high strength, corrosion resistance, and low fI"riction surfaces.

The first inner sealing mandrel 2720 may be i:oupled to the sealing sleeve 2715
using any number of conventional commercially available mechanical couplings such
as, for example, drilipipe connection oilfield countr); tubular goods specialty threaded
connection, welding, amorphous bonding, or a stmdird threaded connection. The first
inner sealing mandrel 2720 is removably coupled to %thc sealing sleeve 2715 by a
standard threaded connection. The first inner sea]iné mandrel 2720 may be coupled to
the first lower sealing head 2730 using any number of conventional commercially
available mechanical couplings such as, for examplé, drillpipe connection, oilfield
country tubular goods specialty type threaded connefction, welding, amorphous
bonding, or a standard threaded connection. The ﬁrSt inner sealing mandre] 2720 is
removably coupled to the first lower sealing head 2130 by a standard threaded
connection.

The first inner sealing mandrel 2720 preferaﬁly includes a fluid passage 2805
that is adapted to convey fluidic materials from the huid passage 2802 into the fluid
passage 2810. The fluid passage 2805 is adapted to:convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud or iubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi ané 0 to 3,000 gallons/minute.

The first upper sealing head 2725 is coup]ed;to the first outer sealing mandrel
2735, the second upper sealing head 2745, the second outer sealing mandrel 2755, and
the expansion cone 2765. The first upper sealing head 2725 is also movably coupled
to the outer surface of the first inner sealing mandrel 2720 and the inner surface of the

casing 2790. In this manner, the first upper sealing head 2725 reciprocates in the axial
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direction. The radial clearance between the inner cylindrical. surface of the first upper
sealing head 2725 and the outer surface of the first inner scafing mandrel 2720 may
range, for example, from about 0.0025 to 0.05 inches. Th radial clearance between
the inner cylindrical surface of the first upper sealing head 2725 and the outer surface
of the first inner sealing mandrel 2720 ranges from about 0.005 to 0.125 inches in
order to optimally provide minimal radial clearance. The radial clearance between the
outer cylindrical surface of the first upper sealing head 2725 ‘and the inner surface of
the casing 2790 may range, for example, from about 0.025 t0 0.375 inches. The radial
clearance between the outer cylindrical surface of the first upper sealing head 2725 and
the inner surface of the casing 2790 ranges from about 0.025i to 0.125 inches in order

to optimally provide stabilization for the expansion cone 2765 during the expansion

. process.

The first upper sealing head 2725 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The first upper sealing head
2725 may be fabricated from any number of conventional co;mmercially available
materials such as, for example, oilfield country tubular goodls, low alloy steel, carbon
steel, stainless steel or other similar high strength materials. The first upper sealing
head 2725 is fabricated from stainless steel in order to optinially provide high strength,
corrosion resistance and low friction surfaces. The inner sm;face of the first upper
sealing head 2725 preferably includes one or more annular s!ealing members 2835 for
sealing the interface between the first upper sealing head 2725 and the first inner
sealing mandrel 2720. The sealing members 2835 may comprise any number of
conventional commercially available annular sealing members such as, for example, o-
rings, polypak seals or metal spring energized seals. The sealing members 2835
comprise polypak seals available from Parker Seals in order to optimally provide
sealing for long axial strokes. '

The first upper sealing head 2725 includes a shoulder 2840 for supporting the
first upper sealing head 2725 on the first lower sealing head 2730.

The first upper sealing head 2725 may be coupled to the first outer sealing
mandrel 2735 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilficld country tubular goods

specialty threaded connection, welding, amorphous bonding or a standard threaded
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connection. The first upper sealing head 2725 is reﬁovably coupled to the first outer
sealing mandrel 2735 by a standard threaded connection. The mechanical coupling
between the first upper sealing head 2725 and the ﬁr%st outer sealing mandrel 2735
includes one or more sealing members 2845 for fluidicly sealing the interface between
the first upper sealing head 2725 and the first duter s!ealing mandrel 2735. The sealing
members 2845 may comprise any number of convermonal commercially available
sealing members such as, for example, o-rings, polypak seals or metal spring energnzed
seals. The sealing members 2845 comprise polypak seals available from Parker Seals
in order to optimally provide sealing for long axial strokes.

The first lower sealing head 2730 is coupled ;to the first inner sealing mandrel
2720 and the second inner sealing mandrel 2740. The first lower sealing head 2730 is
also movably coupled to the inner surface of the first outer sealing mandrel 2735. In
this manner, the first upper s:ealing head 2725 and first outer sealing mandrel 2735
reciprocate in the axial direction. The radial cleMce between the outer surface of the
first lower sealing head 2730 and the inner surface 6f the first outer sealing mandrel
2735 may range, for example, from about 0.0025 to!0.0S inches. The radial clearance
between the outer surface of the first lower sealing head 2730 and the inner surface of
the first outer sealing mandrel 2735 ranges from abéut 0.005 to 0.01 inches in order to
optimally provide minimal radial clearance. |

The first lower sealing head 2730 preferab]yicomprises an annular member
having substantially cylindrical inner and outer surfaces. The first lower sealing head
2730 may be fabricated from any number of conven;tional commercially available
materials such as, for example, oilfield country tubt;lar goods, low alloy steel, carbon
steel, stainless steel or other similar high strength niaten’a]s. The first lower sealing
head 2730 is fabricated from stainless steel in ordcr§ to optimally provide high strength,
corrosion resistance, and low friction surfaces. Thc outer surface of the first lower
sealing head 2730 preferably includes one or more zimnular sealing members 2850 for
sealing the interface between the first lower sealing head 2730 and the first outer
sealing mandrel 2735. The sealing members 2850 ;nay comprise any number of
conventional commercially available annular sealing members such as, for example, o-

rings, polypak seals or metal spring energized seals. The sealing members 2°50
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comprisc polypak seals available from Parker Seals in order to optimally provide
sealing for long axial strokes.

The first lower sealing head 2730 may be coupled to the first inner sealing
mandrel 2720 using any number of conventional commerciaily available mechanical
couplings such as, for example, oilfield country tubular goods specialty threaded
connections, welding, amorphous bonding, or standard threaded connection. The first
lower sealing head 2730 is removably coupled to the first inrjler sealing mandrel 2720
by a standard threaded connection. The mechanical couplin;g between the first lower
sealing head 2730 and the first inner sealing mandrel 2720 i:;cludes one or more
sealing members 2855 for fluidicly sealing the interface between the first lower sealing
head 2730 and the first inner sealing mandrel 2720. The seaiing members 2855 may
comprise any number of conventional cornmerciall.y available sealing members such
as, for example, o-rings, polypak seals or metal spring energized seals. The sealing
members 2855 comprise polypak seals available from Parke} Seals in order to
optimally provide sealing for long axial strokes.

The first lower sealing head 2730 may be coupled to the second inner sealing
mandrel 2740 using any number of conventional commercially available mechanical
couplings such as, for example, oilfield country tubular goods specialty threaded
connection, welding, amorphous bonding, or a standard threaded connection. The
lower sealing head 2730 is removably coupled to the second inner sealing mandrel
2740 by a standard threaded connection. The mechanical cc:>up1ing between the first
lower sealing head 2730 and the second inner sealing mandrel 2740 includes one or
more scaling members 2860 for fluidicly sealing the interfao?e between the first lower
sealing head 2730 and the second inner sealing mandrel 2740. The sealing members
2860 may comprise any number of conventional commercially available sealing
members such as, for example, o-rings, polypak seals or metal spring energized seals.
The sealing members 2860 comprise polypak seals available from Parker Seals in
order to optimally provide sealing for long axial strokes. '

The first outer sealing mandrel 2735 is coupled to the first upper sealing head
2725, the second upper sealing head 2745, the second outer jscaling mandrel 2755, and
the expansion cone 2765. The first outer sealing mandrel 27';35 is also movably

coupled to the inner surface of the casing 2790 and the outer surface of the first lower
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sealing head 2730. In this manner, the first upper seﬁling head 2725, first outer sealing
mandrel 2735, second upper sealing head 2745, second outer sealing mandrel 2755,
and the expansion cone 2765 reciprocate in the axialg direction. The radial clearance
between the outer surface of the first outer sealing mandrel 2735 and the inner surface
of the casing 2790 may range, for example, from abéout 0.025 t0 0.375 inches. The
radial clearance between the outer surface of the first outer sealing mandrel 2735 and
the inner surface of the casing 2790 ranges from about 0.025 to 0.125 inches in order
to optimally provide stabilization for the expansion t‘:one 2765 during the expansion
process. The radial clearance between the inner surﬂi‘ace of the first outer sealing
mandrel 2735 and the outer surface of the first lowe} sealing head 2730 may range, for
example, from about 0.0025 to 0.0-5""i'nches. The radial clearance between the inner
surface of the first outer sealing mandrel 2735 and til\e outer surface of the first lower
sealing head 2730 ranges from about 0.005 to 0.01 i‘nches in order to optimally provide
minimal radial clearance.

The outer sealing mandrel 1935 preferably cémprises an annular member
having substantially cylindrical inner and outer surféces. The first outer sealing
mandrel 2735 may be fabricated from any number &f conventional commercially
available materials such as, for example, oilfield con.?\ntry tubular goods, low alloy
steel, carbon steel, stainless steel or other similar hiéh strength materials. The first
outer sealing mandrel 2735 is fabricated from stainless steel in order to optimally
provide high strength, corrosion resistance, and low friction surfaces.

The first outer sealing mandrel 2735 may be?coupled to the first upper sealing
head 2725 using any number of conventional commlercia]ly available mechanical
couplings such as, for example, oilfield country mbixlar goods, welding, amorphous
bonding, or a standard threaded connection. The ﬁvst outer sealing mandrel 2735 is
removably coupled to the first upper sealing head 2725 by a standard threaded
connection. The first outer sealing mandrel 2735 may be coupled to the second upper
sealing head 2745 using any number of convemion{ll commercially available
mechanical couplings such as, for example, oilﬁeld?country tubular goods specialty
threaded connection, welding, amorphous bonding,ior a standard threaded connection.
The first outer sealing mandrel 2735 is removably coupled to the second upper sealing

head 2745 by a standard threaded connection.
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The second inner sealing mandrel 2740 is coupled to the first lower sealing
head 2730 and the second lower sealing head 2750. The secdnd inner sealing mandrel
2740 preferably comprises a substantially hollow tubular mex;nber or members. The
second inner sealing mandrel 2740 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield country
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high
strength materials. The second inner sealing mandrel 2740 is fabricated from stainless
steel in order to optimally provide high strength, corrosion resistance, and low friction
surfaces. |

The second inner sealing mandrel 2740 may be coupled to the first lower
sealing head 2730 using any number of conventional commetcially available
mechanical couplings such as, for example, oilfield country tubular goods specialty
threaded connection, welding, amorphous bonding, or a standard threaded connection.
The second inner sealing mandrel 2740 is removably coupled to the first lower sealing
head 2740 by a standard threaded connection. The mechanic'al coupling between the
second inner sealing mandrel 2740 and the first lower sealing head 2730 preferably
includes sealing members 2860.

The second inner sealing mandrel 2740 may be coupled to the second lower
sealing head 2750 using any number of conventional commercially available
mechanical couplings such as, for example, oilfield country tﬁbular goods specialty
threaded connection, welding, amorphous bonding, or a standard threaded connection.
The second inner sealing mandrel 2720 is removably coupled to the second lower
sealing head 2750 by a standard threaded connection. The m;:chmical coupling
between the second inner sealing mandrel 2740 and the second lower sealing head
2750 includes one or more sealing members 2865. The sealing members 2865 may
comprise any number of conventional commerciaily availabfe seals such as, for
example, o-rings, polypak seals or metal spring energized seals. The sealing members
2865 comprise polypak seals available from Parker Seals. |

The second inner sealing mandrel 2740 preferably includes a fluid passage
2810 that is adapted to convey fluidic materials from the ﬂuié passage 2805 into the
fluid passage 2815. The fluid passage 2810 is adapted to convey fluidic materials such
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as, for example, cement, epoxy, water, drilling mud br lubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi ancléo to 3,000 gallons/minute.

The second upper sealing head 2745 is coupléd to the first upper sealing head
2725, the first outer sealing mandrel 2735, the secon!d outer sealing mandrel 2755, and
the expansion cone 2765. The second upper sealing head 2745 is also movably
coupled to the outer surface of the second inner seali?ng mandrel 2740 and the inner
surface of the casing 2790. In this manner, the secorid upper sealing head 2745
reciprocates in the axial direction. The radial clcarar;cc between the inner cylindrical
surface of the second upper sealing head 2745 and the outer surface of the second inner
sealing mandrel 2740 may range, for example, from Eabout 0.0025 to 0.05 inches. The
radial clearance between the inner cylindrical surfacé of the second upper sealing head
2745 and the outer surface of the second inner sealir;g mandrel 2740 ranges from about
0.005 to 0.01 inches in order to optimally provide m%nimal radial clearance. The radial
clearance between the outer cylindrical surface of thé: second upper sealing head 2745
and the inner surface of the casing 2790 may range, i'or example, from about 0.025 to
.375 inches. The radial clearance between the outer icylindn'cal surface of the second
upper sealing head 2745 and the inner surface of thcfcasing 2790 ranges from about
0.025 to 0.125 inches in order to optimally provide s!tabilization for the expansion cone
2765 during the expansion process. |

The second upper sealing head 2745 preferaI;ly comprises an annular member
having substantially cylindrical inner and outer surfaices. The second upper sealing
head 2745 may be fabricated from any number of cc;nventional commercially available
materials such as, for example, oilfield country mbuim goods, low alloy steel, carbon
steel, stainless steel or other similar high strength méteria]s. The second upper sealing
head 2745 is fabricated from stainless steel in order io optimally provide high strength,
corrosion resistance, and low friction surfaces. The ;nner surface of the second upper
sealing head 2745 preferably includes one or more a!nnular sealing members 2870 for
sealing the interface between the second upper sealing head 2745 and the second inner
sealing mandre! 2740. The sealing members 2870 rr?tay comprise any number of
conventional commercially available annular sealing members such as, for example, o-

rings, polypak seals, or metal spring energized seals. The sealing members 2870

146




10

15

20

25

30

25791.23.12 P74968GB05

comprise polypak seals available from Parker Seals in order to optimally provide
sealing for long axial strokes.

The second upper sealing head 2745 includes a should;:r 2875 for supporting
the second upper sealing head 2745 on the second lower sealihg head 2750.

The second upper sealing head 2745 may be coupled to the first outer sealing
mandrel 2735 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty threaded connection, ratchet-litch type threaded connection, or a standard
threaded connection. The second upper sealing head 2745 is removably coupled to the
first outer sealing mandrel 2735 by a standard threaded connéction. The mechanical
coupling between the second upper sealing head 2745 and the first outer sealing
mandrel 2735 includes one or more sealing members 2880 fof fluidicly sealing the
interface between the second upper sealing head 2745 and the first outer sealing
mandrel 2735. The sealing members 2880 may comprise any number of conventional
commercially available sealing members such as, for exampl?e, o-rings, polypak seals
or metal spring energized seals. The sealing members 2880 domprisc polypak seals
available from Parker Seals in order to optimally provide sealing for a long axial
stroke. |

The second upper sealing head 2745 may be coupled to the second outer sealing
mandrel 2755 using any number of conventional commercialiy available mechanical
couplings such as, for example, drillpipe connection, oilfield .country tubular goods
specialty type threaded connection, or a standard threaded connection. The second
upper sealing head 2745 is removably coupled to the second outer sealing mandrel
2755 by a standard threaded connection. The mechanical c&upling between the
second upper sealing head 2745 and the second outer sealing: mandrel 2755 includes
one or more sealing members 2885 for fluidicly sealing the interface between the
second upper sealing head 2745 and the second outer sealing mandrel 2755. The
sealing members 2885 may comprise any number of convent;ional commercially
available sealing members such as, for example, o-rings, polypak seals or metal spring
energized seals. The sealing members 2885 comprise polypak seals available from

Parker Seals in order to optimally provide sealing for long axial strokes.
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The second lower sealing head 2750 is coupleid to the second inner sealing
mandrel 2740 and the load mandrel 2760. The second lowe: :ealing head 2750 is also
movably coupled to the inner surface of the second oilter seaiing mandrel 2755. In this
manner, the first upper sealing head 2725, the first outer sealing mandrel 2735, second
upper sealing head 2745, second outer sealing mandrel 2755, and the expansion cone
2765 reciprocate in the axial direction. The radial cléarancc between the outer surface
of the second lower sealing head 2750 and the inner _Lurfacc of the second outer sealing
mandrel 2755 may range, for example, from about ObeZS to 0.05 inches. The radial
clearance between the outer surface of the second ]o{ver sealing head 2750 and the
inner surface of the second outer sealing mandrel 2755 ranges from about 0.005 to
0.01 inches in order to optimally provide minimal ra;dial clearance.

The second lower sealing head 2750 preferai)iy comprises an annular member
having substantially cylindrical inner and outer surfz;oes. The second lower sealing
head 2750 may be fabricated from any number of co:nventiona] commercially available
materials such as, for example, oilfield country tubuiar goods, low alloy steel, carbon
steel, stainless steel or other similar high strength mz;terials. The second lower sealing
head 2750 is fabricated from stainless steel in order to optimally provide high strength,
corrosion resistance, and low friction surfaces. The outer surface of the second lower
sealing head 2750 preferably includes one or more a;nnular sealing members 2890 for
sealing the interface between the second lower sealixixg head 2750 and the second outer
sealing mandrel 2755. The sealing members 2890 n*élay comprise any number of
conventional commercially available annular sealiné members such as, for example, o-
rings, polypak seals or metal spring energized seals.i The sealing members 2890
comprise polypak seals available from Parker Seals m order to optimally provide
sealing for long axial strokes. ~ |

The second lower sealing head 2750 may be icoupled to the second inner sealing
mandre!l 2740 using any number of conventional cofnmercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty threaded connection, ratchet-latch type thr?eadcd connection, or a standard
threaded connection. The second lower sealing heaéi 2750 is removably coupled to the
second inner sealing mandrel 2740 by a standard threaded connection. The

mechanical coupling between the second lower sealing head 2750 and the second inner
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sealing mandrel 2740 includes one or more sealing members 2895 for fluidicly sealing
the interface between the second sealing head 2750 and the second sealing mandrel
2740. The sealing members 2895 may comprise any number of conventional
commercially available sealing members such as, for example, o-rings, polypak seals
or metal spring energized seals. The sealing members 2895 comprise polypak seals
available from Parker Seals in order to optimally provide sealing for a long axial
stroke. |

The second lower sealing head 2750 may be coupled to the load mandrel 2760
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield tubular goods specialty threaded
connection, ratchet-latch type théd connection, or a standard threaded connection.
The second lower sealing head 2750 is removably coupled to the load mandrel 2760 by
a standard threaded connection. The mechanical coupling bétwccn the second lower
sealing head 2750 and the load mandrel 2760 includes one or more sealing members
2900 for fluidicly sealing the interface between the second lower sealing head 2750
and the load mandrel 2760. The sealing members 2900 may jl.:omprise any number of
conventional commercially available sealing members such as, for example, o-rings,
polypak seals or metal spring energized seals. The sealing m’embers 2900 comprise
polypak seals available from Parker Seals in order to optimaliy provide sealing for
long axial strokes.

The second lower sealing head 2750 includes a throat passage 2905 fluidicly
coupled between the fluid passages 2810 and 2815. The throat passage 2905 is
preferably of reduced size and is adapted to receive and engage with a plug 2910, or
other similar device. In this manner, the fluid passage 2810 i:s fluidicly isolated from
the fluid passage 2815. In this manner, the pressure chambers 2915 and 2920 are
pressurized. The use of a plurality of pressure chambers in the apparatus 2700 permits
the effective driving force to be multiplied. While illustrated using a pair of pressure
chambers, 2915 and 2920, the apparatus 2700 may be further modified to employ
additional pressure chambers.

The second outer sealing mandrel 2755 is coupled to the first upper sealing
head 2725, the first outer sealing mandrel 2735, the second upper sealing head 2745,

and the expansion cone 2765. The second outer sealing mandrel 2755 is also movably
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coupled to the inner surface of the casing 2790 and the outer surface of the second
lower sealing head 2750. In this manner, the first upper sealing head 2725, first outer
sealing mandrel 2735, second upper sealing head 2735, second outer sealing mandrel
2755, and the expansion cone 2765 reciprocate in th:e axial direction.

The radial clearance between the outer surfai:e of the second outer sealing
mandre] 2755 and the inner surface of the casing 2790 may range, for example, from
about 0.025 to 0.375 inches. The radial clearance between the outer surface of the
second outer sealing mandrel 2755 and the inner surface of the casing 2790 ranges
from about 0.025 to 0.125 inches in order to optimaily provide stabilization for the
expansion cone 2765 during the expansion process. éThe radial clearance between the
inner surface of the second outer sealing mandrel 2')?55 and the outer surface of the
second lower sealing head 2750 may range, for exar!nple, from about 0.0025 to 0.05
inches. The radial clearance between the inner surf%ce of the second outer sealing
mandrel 2755 and the outer surface of the second lo?wer sealing head 2750 ranges from
about 0.005 to 0.01 inches in order to optimally pro:vide minimal radial clearance.

The second outer sealing mandrel 2755 preférably comprises an annular
member having substantially cylindrical inner and outer surfaces. The second outer
sealing mandrel 2755 may be fabricated from any nilmber of conventional
commercially available materials such as, for examiale, oilfield country tubular goods,
low alloy steel, carbon steel, stainless steel or other similar high strength materials.
The second outer sealing mandrel 2755 is fabricateé from stainless steel in order to
optimally provide high strength, corrosion resistanc;e, and low friction surfaces.

The second outer sealing mandrel 2755 ma); be coupled to the second upper
sealing head 2745 using any number of conventionaiﬂ commercially available
mechanical couplings such as, for example, dﬂllpiﬁe connection, oilfield country
tubular goods specialty threaded connection, ratchcgt-latch type threaded cbnnection or
a standard threaded connection. The second outer éealing mandrel 2755 is removably
coupled to the second upper sealing head 2745 by a! standard threaded connection. The
second outer sealing mandrel 2755 may be coupleci to the expansion cone 2765 using
any number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubl;\lar goods specialty type threaded

connection, ratchet-latch type threaded connection, or a standard threaded connection.
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The second outer sealing mandrel 2755 is removably coupled to the expansion cone
2765 by a standard threaded connection.

The load mandrel 2760 is coupled to the second lower sealing head 2750 and
the mechanical slip body 2755. The load mandrel 2760 preferably comprises an
annular member having substantially cylindrical inner and odter surfaces. The load
mandrel 2760 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tubular goods, low alloy
steel, carbon steel, stainless steel or other similar high strength materials. The load
mandrel 2760 is fabricated from stainless steel in order to opiimally provide high
strength, corrosion resistance, and low friction surfaces.

The load mandrel 2760 may bé coupled to the second lower sealing head 2750
using any number of conventional commercially available mechanical couplings such
as, for example, drillpipe connection, oilfield country tubular goods specialty type
threaded connection, ratchet-latch type threaded coﬁnection, pr a standard threaded
connection. The load mandrel 2760 is removably coupled to the second lower sealing
head 2750 by a standard threaded connection. The load mandrel 2760 may be coupled
to the mechanical slip body 2775 using any number of conventional commercially
available mechanical couplings such as, for example, drillpiﬂe connection, oilfield
country tubular goods specialty type threaded connection, ratchet-latch type threaded
connection or a standard threaded connection. The load mandrel 2760 is removably
coupled to the mechanical slip body 2775 by a standard threided connection.

The load mandrel 2760 preferably includes a fluid paSsage 2815 that is adapted
to convey fluidic materials from the fluid passage 2810 to the fluid passage 2820. The
fluid passage 2815 is adapted to convey fluidic materials such as, for example, cement,
epoxy, water, drilling mud or lubricants at operating pressures and flow rates ranging
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The expansion cone 2765 is coupled to the second oﬁter sealing mandrel 2755.
The expansion cone 2765 is also movably coupled to the imier surface of the casing
2790. In this manner, the first upper sealing head 2725, first outer sealing mandrel
2735, second upper sealing head 2745, second outer sealing mandrel 2755, and the
expansion cone 2765 reciprocate in the axial direction. The reciprocation of the

expansion cone 2765 causes the casing 2790 to expand in the radial direction.
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The expansion cone 2765 preferably comprisies an annular member having
substantially cylindrical inner and conical outer surF:aces. The outside radius of the
outside conical surface may range, for example, ﬁ'm;n about 2 to 34 inches. The
outside radius of the outside conical surface ranges from about 3 to 28 inches in order
to optimally provide expansion cone dimensions thalt accommodate the typical range of
casings. The axial length of the expansion cone 276'5 may range, for example, from
about 2 to 8 times the largest outer diameter of the expansion cone 2765. The axial
length of the expansion cone 2765 ranges from abodt 3 to 5 times the largest outer
diameter of the expansion cone 2765 in order to opt%mally provide stabilization and
centralization of the expansion cone 2765. The angie of attack of the expansion cone
2765 ranges from about 5 to 30 degrees in order to «;ptimally balance frictional forces
and radial expansion forces. :

The expansion cone 2765 may be fabricated from any number of conventional
commercially available matenials such as, for examéle, machine tool steel, nitride steel,
titanium, tungsten carbide, ceramics or other similalé high strength materials. The
expansion cone 2765 is fabricated from D2 machiné tool steel in order to optimally
provide high strength and resistance to corrosion and galling. The outside surface of
the expansion cone 2765 has a surface hardness rméing from about 58 to 62 Rockwell
C in order to optimally provide high strength and re!sistance to wear and galling.

The expansion cone 2765 may be coupled toi the second outside sealing
mandrel 2765 using any number of conventional coémmercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, ratchet-latch tyl:fye threaded connection or a
standard threaded connection. The expansion cone 2765 is coupled to the second
outside sealing mandrel 2765 using a standard threaded connection in order to
optimally provide high strength and easy replacemc%nt of the expansion cone 2765.

The mandrel launcher 2770 is coupled to theE casing 2790. The mandrel
launcher 2770 comprises a tubular section of casing having a reduced wall thickness
compared to the casing 2790. The wall thickness of the mandrel launcher 2770 is
about 50 to 100 % of the wall thickness of the casingg 2790. The wall thickness of the
mandrel launcher 2770 may range , for example, frdm about 0.15 to 1.5 inches. The

wall thickness of the mandrel launcher 2770 rangesffrom about 0.25 to 0.75 inches. In
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this manner, the initiation of the radial expansion of the casing 2790 is facilitated, the
placement of the apparatus 2700 within a wellbore casing and wellbore is facilitated,
and the mandrel launcher 2770 has a burst strength approximately equal to that of the
casing 2790.

The mandrel launcher 2770 may be coupled to the casing 2790 using any
number of conventional mechanical couplings such as, for example, a standard
threaded connection. The mandrel launcher 2770 may be fabricated from any number
of conventional commercially available matenials such as, for example, oilfield country
tubular goods, low alloy steel, carbon steel, stainless steel, or other similar high
strength materials. The mandrel launcher 2770 is fabricated from oilfield country
tubular goods of higher strength than that of the casing 2790 but with a reduced wall
thickness in order to optimally provide a small compact tubular container having a
burst strength approximately equal to that of the casing 2790.

The mechanical slip body 2775 is coupled to the load mandrel 2760, the
mechanical slips 2780, and the drag blocks 2785. The mechanical slip body 2775
preferably comprises a tubular member having an inner passage 2820 fluidicly coupled
to the passage 2815. In this manner, fluidic materials may be conveyed from the
passage 2820 to a region outside of the apparatus 2700. |

The mechanical slip body 2775 may be coupled to the load mandrel 2760 using
any number of conventional mechanical couplings. The mechanical slip body 2775 is
removably coupled to the load mandrel 2760 using a standard threaded connection in
order to optimally provide high strength and easy disassembiy. The mechanical slip
body 2775 may be coupled to the mechanical slips 2780 using any number of
conventional mechanical couplings. The mechanical slip body 2755 is removably
coupled to the mechanical slips 2780 using threaded connections and sliding steel
retainer rings in order to optimally provide a high strength attachment. The
mechanical slip body 2755 may be coupled to the drag blocks 2785 using any number
of conventional mechanical couplings. The mechanical slip'body 2775 is removably
coupled to the drag blocks 2785 using threaded connections 'and sliding steel retainer
rings in order to optimally provide a high strength attachment.

The mechanical slip body 2775 preferably includes a fluid passage 2820 that is

adapted to convey fluidic materials from the fluid passage 2815 to the region outside
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of the apparatus 2700. The fluid passage 2820 is adapted to convey fluidic materials
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000
gallons/minute. ‘

The mechanical slips 2780 are coupled to the :outside surface of the mechanical
slip body 2775. During operation of the apparatus 2:700, the mechanical slips 2780
prevent upward movement of the casing 2790 and mgandrel launcher 2770. In this
manner, during the axial reciprocation of the expansion cone 2765, the casing 2790
and mandrel launcher 2770 are maintained in a subsnantlally stationary position. In
this manner, the mandrel launcher 2765 and casing 2790 and mandrel launcher 2770
are expanded in the radial direction by the axial movemcnt of the expansion cone
2765.

The mechanical slips 2780 may comprise an); number of conventional
commercially available mechanical slips such as, for examﬁle, RTTS packer tungsten
carbide mechanical slips, RTTS packer wicker type fnechanical slips or Model 3L
retrievable bridge plug tungsten carbide upper mcchilnical slips. The mechanical slips
2780 comprise RTTS packer tungsten carbide mech;mical slips available from
Halliburton Energy Services in order to optimally prbvide resistance to axial
movement of the casing 2790 and mandrel launcher 2770 during the expansion
process.

The drag blocks 2785 are coupled to the outside surface of the mechanical slip
body 2775. During operation of the apparatus 2700,% the drag blocks 2785 prevent
upward movement of the casing 2790 and mandrel Igunchcr 2770. In this manner,
during the axial reciprocation of the expansion cone!2765, the casing 2790 and
mandrel launcher 2770 are maintained in a substantizally stationary position. In this
manner, the mandrel launcher 2770 and casing 2790i are expanded in the radial
direction by the axial movement of the expansion cone 2765.

The drag blocks 2785 may comprise any number of conventional commercially
available mechanical slips such as, for example, RTTS packer mechanical drag blocks
or Model 3L retrievable bridge plug drag blocks. The drag blocks 2785 comprise
RTTS packer mechanical drag blocks available from Halliburton Energy Services in
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order to optimally provide resistance to axial movement of the casing 2790 and
mandrel launcher 2770 during the expansion process. |

The casing 2790 is coupled to the mandrel launcher 2770. The casing 2790 is
further removably coupled to the mechanical slips 2780 and drag blocks 2785. The
casing 2790 preferably comprises a tubular member. The casing 2790 may be
fabricated from any number of conventional commercially available materials such as,
for example, slotted tubulars, oilfield country tubular goods, low alloy steel, carbon
steel, stainless steel or other similar high strength materials. The casing 2790 is
fabricated from oilfield country tubular goods available from vanious foreign and
domestic steel mills in order to optimally provide high strength using standardized
materials. The upper end of the casing 2790 includes one or more sealing members
positioned about the exterior of the casing 2790.

During operation, the apparatus 2700 is positioned in a wellbore with the upper
end of the casing 2790 positioned in an overlapping relationship within an existing
wellbore casing. In order minimize surge pressures within tl;e borehole during
placement of the apparatus 2700, the fluid passage 2795 is pfeferably provided with
one or more pressure relief passages. During the placement of the apparatus 2700 in
the wellbore, the casing 2790 is supported by the expansion cone 2765.

After positioning of the apparatus 2700 within the bore hole in an overlapping
relationship with an existing section of wellbore casing, a ﬁrist fluidic material is
pumped into the fluid passage 2795 from a surface location. :’I'he first fluidic matenal
is conveyed from the fluid passage 2795 to the fluid passage; 2800, 2802, 2805, 2810,
2815, and 2820. The first fluidic material will then exit the apparatus 2700 and fill the
annular region between the outside of the apparatus 2700 and the interior walls of the
bore hole. .

The first fluidic material may comprise any number Qf conventional
commercially available materials such as, for example, epoxy, drilling mud, slag mix,
water or cement. The first fluidic material comprises a hardenable fluidic sealing
material such as, for example, slag mix, epoxy, or cement. I;‘l this manner, a wellbore
casing having an outer annular layer of a hardenable material may be formed.

The first fluidic material may be pumped into the apparatus 2700 at operating

pressures and flow rates ranging, for example, from about 0 10 4,500 psi and O to 3,000
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gallons/minute. The first fluidic material is pumped into the apparatus 2700 at
operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200
gallons/minute in order to optimally provide operatio;nal efficiency.

At a predetermined point in the injection of the first fluidic material such as, for
example, after the annular region outside of the appafatus 2700 has been filled to a
predetermined level, a plug 2910, dart, or other similﬁr device is introduced into the
first fluidic material. The plug 2910 lodges in the thxioat passage 2905 thereby
fluidicly isolating the fluid passage 2810 from the fluid passage 2815.

After placement of the plug 2910 in the throat passage 2905, a second fluidic
material is pumped into the fluid passage 2795 in orcim to pressurize the pressure
chambers 2915 and 2920. The second fluidic materi;a] may comprise any number of
conventional commercially available materials such as, for example, water, drilling
gases, drilling mud or lubricants. The second ﬂuidic%material comprises a non-

hardenable fluidic material such as, for example, wat::r, drilling mud or lubricant. The

‘use of lubricant optimally provides lubrication of the moving parts of the apparatus

2700.

The second fluidic material may be pumped injto the apparatus 2700 at
operating pressures and flow rates ranging, for cxami:le, from about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The second fluidic mateﬁal is pumped into the apparatus
2700 at operating pressures and flow rates ranging ﬁ‘om about 0 to 3,500 psi and O to
1,200 gallons/minute in order to optimally provide o'berationa] efficiency.

The pressurization of the pressure chambers i;915 and 2920 cause the upper
sealing heads, 2725 and 2745, outer sealing mandrelfs, 2735 and 2755, and expansion
cone 2765 to move in an axial direction. As the cxpinsion cone 2765 moves in the
axial direction, the expansion cone 2765 pulls the mandrel launcher 2770, casing 2790,
and drag blocks 2785 along, which sets the mechanical slips 2780 and stops further
axial movement of the mandrel launcher 2770 and c!asing 2790. In this manner, the
axial movement of the expansion cone 2765 radially; expands the mandrel launcher
2770 and casing 2790.

Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and
2755, and expansion cone 2765 complete an axial stroke, the operating pressure of the

second fluidic material is reduced and the drill string 2705 is raised. This causes the
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inner sealing mandrels, 2720 and 2740, lower sealing heads, 2730 and 2750, load
mandrel 2760, and mechanical slip body 2755 to move upwa:rd. This unsets the
mechanical slips 2780 and permits the mechanical slips 2780 and drag blocks 2785 to
be moved upward within the mandrel launcher 2770 and casing 2790. When the lower
sealing heads, 2730 and 2750, contact the upper sealing hea&s, 2725 and 2745, the
second fluidic material is again pressurized and the radial expansion process continues.
In this manner, the mandrel launcher 2770 and casing 2790 are radially expanded
through repeated axial strokes of the upper sealing heads, 2725 and 2745, outer sealing
mandrels, 2735 and 2755, and expansion cone 2765. Throughout the radial expansion
process, the upper end of the casing 2790 is preferably maintained in an overlapping
relation with an existing section of wellbore casing. '

At the end of the radial expansion process, the upper énd of the casing 2790 is
expanded into intimate contact with the inside surface of the >lower end of the existing
wellbore casing. The sealing members provided at the upper end of the casing 2790
provide a fluidic seal between the outside surface of the uppeir end of the casing 2790
and the inside surface of the lower end of the existing wellbcire casing. The contact
pressure between the casing 2790 and the existing section of wellbore casing ranges
from about 400 to 10,000 in order to optimally provide contact pressure for activating
the sealing members, provide optimal resistance to axial movement of the expanded
casing, and optimally resist typical tensile and compressive l6ads on the expanded
casing.

As the expansion cone 2765 nears the end of the casing 2790, the operating
pressure of the second fluidic material is reduced in order to minimize shock to the
apparatus 2700. The apparatus 2700 includes a shock absorber for absorbing the shock
created by the completion of the radial expansion of the casing 2790.

The reduced operating pressure of the second fluidic ti'nateria] ranges from about
100 to 1,000 psi as the expansion cone 2765 nears the end oi; the casing 2790 in order
to optimally provide reduced axial movement and velocity of the expansion cone 2765.
The operating pressure of the second fluidic material is reduced during the return
stroke of the apparatus 2700 to the range of about 0 to 500 p§i in order minimize the
resistance to the movement of the expansion cone 2765 duriﬁg the return stroke. The

stroke length of the apparatus 2700 ranges from about 10 to 45 feet in order to
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optimally provide equipment that can be easily handied by typical oil well rigging
equipment and minimize the frequency at which the hpparatus 2700 must be re-stroked
during an expansion operation. |

At least a portion of the upper sealing heads, 2725 and 2745, include expansion
cones for radially expanding the mandrel launcher 2770 and casing 2790 duning
operation of the apparatus 2700 in order to increase bxe surface area of the casing 2790
acted upon during the radial expansion process. In tf:is manner, the operating
pressures can be reduced. l

Mechanical slips are positioned in an axial loication between the sealing sleeve
1915 and the first inner sealing mandrel 2720 in ordér to optimally provide a
simplified assembly and operation of the apparatus 2700

Upon the complete radial expansion of the casmg 2790, if applicable, the first
fluidic material 1s permitted to cure within the annulgr region between the outside of
the expanded casing 2790 and the interior walls of the wellbore. In the case where the
casing 2790 is slotted, the cured fluidic material pretj'prably permeates and envelops the
expanded casing 2790. In this manner, a new sectioti\ of wellbore casing is formed
within a wellbore. Alternatively, the apparatus 270& may be used to join a first section
of pipeline to an existing section of pipeline. Altemfbtively, the apparatus 2700 may be
used to directly line the interior of a wellbore with afcasing, without the use of an outer
annular layer of a hardenable material. Altemativelj, the apparatus 2700 may be used
to expand a tubular support member in a hole.

During the radial expansion process, the pressurized areas of the apparatus
2700 are limited to the fluid passages 2795, 2800, 2€i02 2805, and 2810, and the

pressure chambers 2915 and 2920 No fluid pressure acts directly on the mandrel

launcher 2770 and casing 2790. This permits the use of operating pressures higher
than the mandrel launcher 2770 and casing 2790 could normally withstand.

Referring now to Figure 20, an apparatus 30dO for forming a mono-diameter
wellbore casing will be described. The apparatus 3600 preferably includes a drillpipe
3005, an innerstring adapter 3010, a sealing sleeve jOI 5, a first inner sealing mandrel
3020, hydraulic slips 3025, a first upper sealing head 3030, a first lower sealing head

3035, a first outer scaling mandrel 3040, a second inner sealing mandrel 3045, a

- second upper sealing head 3050, a second lower seaiing head 3055, a second outer
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sealing mandrel 3060, load mandrel 3065, expansion cone 3070, casing 3075, and fluid
passages 3080, 3085, 3090, 3095, 3100, 3105,3110, 3115 and 3120.

The drillpipe 3005 is coupled to the innerstring adapt:er 3010. During operation
of the apparatus 3000, the drillpipe 3005 supports the appara!tus 3000. The drillpipe
3005 preferably comprises a substantially hollow tubular member or members. The
drillpipe 3005 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tubular goods, low alloy
steel, carbon steel, stainless steel or other similar high streng;th materials. The drillpipe
3005 is fabricated from coiled tubing in order to facilitate thé placement of the
apparatus 3000 in non-vertical wellbores. The drillpipe 3005 may be coupled to the
innerstring adapter 3010 using any number of conventional c;ommercial]y available
mechanical couplings such as, for example, drillpipe conneciiion, oilfield country
tubular goods specialty threaded connection, or a standard threaded connection. The
dnillpipe 3005 is removably coupled to the innerstring adaptér 3010 by a dnllpipe
connection.

The drillpipe 3005 preferably includes a fluid passagé 3080 that is adapted to
convey fluidic materials from a surface location into the fluid passage 308S. The fluid
passage 3080 is adapted to convey fluidic materials such as, for example, cement,
epoxy, water, drilling mud or lubricants at operating pressurés and flow rates ranging
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. ’

The innerstring adapter 3010 is coupled to the drill string 3005 and the sealing
sleeve 3015. The innerstring adapter 3010 preferably compr:ises a substantially hollow
tubular member or members. The innerstring adapter 3010 rhay be fabricated from
any number of conventional commercially available matenials such as, for example,
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or other
similar high strength materials. The innerstring adapter 3010 is fabricated from
stainless steel in order to optimally provide high strength, corrosion resistance, and low
friction surfaces.

The innerstring adapter 3010 may be coupled to the drill string 3005 using any
number of conventional commercially available mechanical couplings such as, for
example, drillpipe connection, oilfield country tubular good; specialty type threaded

connection, or a standard threaded connection. The innerstring adapter 3010 is
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removably coupled to the drill pipe 3005 by a drillpi]}e connection. The innerstring
adapter 3010 may be coupled to the sealing sleeve 3015 using any number of
conventional commercially available mechanical couplings such as, for example,
drillpipe connection, oilfield country tubular goods s:pecialty type threaded connection,
ratchet-latch type threaded connection or a standard threaded connection. The
innerstring adapter 3010 is removably coupled to the sealing sleeve 3015 by a standard
threaded connection.

The innerstring adapter 3010 preferably inclu;ies a fluid passage 3085 that is
adapted to convey fluidic materials from the fluid pa:ssage 3080 into the fluid passage
3090. The fluid passage 3085 is adapted to convey fiuidic materials such as, for
example, cement, epoxy, water, drilling mud, or lubricants at operating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The sealing sleeve 3015 is coupled to the innérstring adapter 3010 and the first
inner sealing mandrel 3020. The sealing sleeve 3015 preferably comprises a
substantially hollow tubular member or members. The sealing sleeve 3015 may be
fabricated from any number of conventional commef!'cially available materials such as,
for example, oilfield country tubular goods, low allo;' steel, carbon steel, stainless steel
or other similar high strength materials. The sealing sleeve 3015 is fabricated from
stainless steel in order to optimally provide high stret;gth, corrosion resistance, and low
friction surfaces. | |

The sealing sleeve 3015 may be coupled to thc innerstring adapter 3010 using
any number of conventional commercially available Emechanical couplings such as, for-
example, drillpipe connection, oilfield country tubulér goods specialty type threaded
connection, ratchet-latch type connection or a standai’d threaded connection. The
sealing sleeve 3015 is removabiy coupled to the inneérstring adapter 3010 by a standard
threaded connection. The sealing sleeve 3015 may ble coupled to the first inner sealing
mandrel 3020 using any number of conventional conixmercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, ratchet-latch type threaded connection or a
standard threaded connection. The sealing sleeve BdlS is removably coupled to the

first inner sealing mandrel 3020 by a standard threaded connection.
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The sealing sleeve 3015 preferably includes a fluid passage 3090 that is adapted
to convey fluidic materials from the fluid passage 3085 into the fluid passage 3095.
The fluid passage 3090 is adapted to convey fluidic maten‘als_such as, for example,
cement, epoxy, water, drilling mud, or lubricants at operatingipressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mindte.

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 3015, the
hydraulic slips 3025, and the first lower sealing head 3035. lﬁle first inner sealing
mandrel 3020 is further movably coupled to the first upper sealing head 3030. The
first inner sealing mandrel 3020 preferably comprises a subst;ntially hollow tubular
member.or members. The first inner sealing mandrel 3020 may be fabricated from any
number of conventional commercially available materials sucih as, for example, oilfield
country tubular goods, low alloy steel, carbon steel, stainless ;steel, or similar high
strength materials. The first inner sealing mandrel 3020 is fabricated from stainless
steel in order to optimally provide high strength, corrosion re;istance, and low friction
surfaces. |

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 3015
using any number of conventional commercially available méchmical couplings such
as, for example, drillpipe connection, oilfield country tubularjgoods specialty type
threaded connection, ratchet-latch type threaded connection olr a standard threaded
connection. The first inner sealing mandrel 3020 is removably coupled to the sealing
sleeve 3015 by a standard threaded connection. The first inner sealing mandrel 3020
may be coupled to the hydraulic slips 3025 using any number of conventional
commercially available mechanical couplings such as, for cxémple, drillpipe
connection, oilfield country tubular goods specialty type threaded connection, ratchet-
latch type threaded connection or a standard threaded connection. The first inner
sealing mandrel 3020 is removably coupled to the hydraulic slips 3025 by a standard
threaded connection. The first inner sealing mandrel 3020 may be coupled to the first
lower sealing head 3035 using any number of conventional cr;mmercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, ratchet-latch type threaded

connection or a standard threaded connection. The first inner sealing mandrel 3020 is
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removably coupled to the first lower sealing head 30?35 by a standard threaded
connection. |

The first inner sealing mandrel 3020 preferably includes a fluid passage 3095
that is adapted to convey fluidic materials from the fiuid passage 3090 into the fluid
passage 3100. The fluid passage 3095 is adapted to (!:onvey fluidic materials such as,
for example, water, drilling mud, cement, epoxy, or lubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi and?O to 3,000 gallons/minute.

The first inner sealing mandrel 3020 further ﬁrefmb]y includes fluid passages
3110 that are adapted to convey fluidic materials frot:n the fluid passage 3095 into the
pressure chambers of the hydraulic slips 3025. In this manner, the slips 3025 are
activated upon the pressurization of the fluid passagé 3095 into contact with the inside
surface of the casing 3075. The fluid passages 31 IOiare adapted to convey fluidic
materials such as, for example, cement, epoxy, wateé, dnilling fluids or lubricants at
operating pressures and flow rates ranging from abmiit 0 to 9,000 psi and 0 to 3,000
gallons/minute.

The first inner sealing mandrel 3020 further ﬁreferably includes fluid passages
3115 that are adapted to convey fluidic materials fro}n the fluid passage 3095 into the
first pressure chamber 3175 defined by the first uppeltr sealing head 3030, the first
lower sealing head 3035, the first inner sealing mandrel 3020, and the first outer
sealing mandrel 3040. During operation of the appafatus 3000, pressurization of the
pressure chamber 3175 causes the first upper sealingi? head 3030, the first outer sealing
mandrel 3040, the second upper sealing head 3050, tfhe second outer sealing mandrel
3060, and the expansion cone 3070 to move in an axial direction.

The slips 3025 are coupled to the outside surface of the first inner sealing
mandrel 3020. During operatit;n of the apparatus 3050, the slips 3025 are activated
upon the pressurization of the fluid passage 3095 inté; contact with the inside surface of
the casing 3075. In this manner, the slips 3025 main:tain the casing 3075 ina
substantially stationary position. |

The slips 3025 preferably include fluid passaiges 3125, pressure chambers 3130,
spring bias 3135, and slip members 3140. The slips 3025 may comprise any number
of conventional commercially available hydraulic s]ips such as, for example, RTTS

packer tungsten carbide hydraulic slips or Model 3L retrievable bridge plug with
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hydraulic slips. The slips 3025 comprise RTTS packer tungsten carbide hydraulic slips
available from Halliburton Energy Services in order to optimally provide resistance to
axial movement of the casing 3075 during the expansion process.

The first upper sealing head 3030 is coupled to the first outer sealing mandrel
3040, the second upper sealing head 3050, the second outer sealing mandrel 3060, and
the expansion cone 3070. The first upper sealing head 3030 is also movably coupled
to the outer surface of the first inner sealing mandrel 3020 and the inner surface of the
casing 3075. In this manner, the first upper sealing head 303b, the first outer sealing
mandrel 3040, the second upper sealing head 3050, the secoﬁd outer sealing mandrel
3060, and the expansion cone 3070 reciprocate in the axial direction.

The radial clearance betweeri the inner cylindrical sur}'ace of the first upper
sealing head 3030 and the outer surface of the first inner sealing mandrel 3020 may
range, for example, from about 0.0025 to 0.05 inches. The ridial clearance between
the inner cylindrical surface of the first upper sealing head 3030 and the outer surface
of the first inner sealing mandrel 3020 ranges from about 0.005 to 0.01 inches in order
to optimally provide minimal radial clearance. The radial clearance between the outer
cylindrical surface of the first upper sealing head 3030 and ti\e inner surface of the
casing 3075 may range, for example, from about 0.025 to 0.375 inches. The radial
clearance between the outer cylindrical surface of the first upper sealing head 3030 and
the inner surface of the casing 3075 ranges from about 0.025 to 0.125 inches in order
to optimally provide stabilization for the expansion cone 3070 during the expansion
process. |

The first upper sealing head 3030 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The first upper sealing head
3030 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon
steel, or other similar high strength materials. The first uppér sealing head 3030 1s
fabricated from stainless steel in order to optimally provide high strength, corrosion
resistance, and low friction surfaces. The inner surface of tﬁe first upper sealing head
3030 preferably includes one or more annular sealing memﬁers 3145 for sealing the
interface between the first upper sealing head 3030 and the first inner sealing mandrel

3020. The sealing members 3145 may comprise any number of conventional
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commercially available annular sealing members such as, for example, o-rings,
polypak seals or metal spring energized seals. The seLling members 3145 comprise
polypak seals available from Parker seals in order to 6ptimally provide sealing for a
long axial stroke. 5

The first upper sealing head 3030 includes a shoulder 3150 for supporting the
first upper sealing head 3030, first outer sealing rnan&rel 3040, second upper sealing
head 3050, second outer sealing mandrel 3060, and e*pansion cone 3070 on the first
lower sealing head 3035.  The first upper sealing head 3030 may be coupled to the
first outer sealing mandrel 3040 using any number of conventional commercially
available mechanical couplings such as, for example,E drillpipe connection, oilfield
country tubular goods specialty type threaded conne&tion, or a standard threaded
connection. The first upper sealing head 3030 is removably coupled to the first outer
sealing mandrel 3040 by a standard threaded wnnecﬁon. The mechanical coupling
between the first upper sealing head 3030 and the ﬁrl;t outer sealing mandrel 3040
includes one or more sealing members 3155 for ﬂuidicly sealing the interface between
the first upper sealing head 3030 and the first outer sbaling mandrel 3040. The sealing
members 3155 may comprise any number of convcniional commercially available
sealing members such as, for example, o-rings, polyf:ak seals, or metal spring
energized seals. The sealing members 3155 comprisie polypak seals available from
Parker Seals in order to optimally provide sealing for a long axial stroke.

The first lower sealing head 3035 is coupled &o the first inner sealing mandrel
3020 and the second inner sealing mandrel 3045. The first lower sealing head 3035 is
also movably coupled to the inner surface of the ﬁrsi outer sealing mandrel 3040. In
this manner, the first upper sealing head 3030, first outer sealing mandrel 3040, second
upper sealing head 3050, second outer sealing mandrcl 3060, and expansion cone 3070
reciprocate in the axial direction. The radial clemarice between the outer surface of the
first lower sealing head 3035 and the inner surface of the first outer sealing mandrel
3040 may range, for example, from about 0.0025 t0 0.05 inches. The radial clearance
between the outer surface of the first lower sealing head 3035 and the inner surface of
the outer sealing mandrel 3040 ranges from about 0.005 to 0.01 inches in order to

optimally provide minimal radial clearance.
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The first lower sealing head 3035 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The first lower sealing head
3035 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon
steel, stainless steel or other similar high strength matenials. ‘;l'he first lower sealing
head 3035 is fabricated from stainless steel in order to optimélly provide high strength,
corrosion resistance, and low friction surfaces. The outer surface of the first lower
sealing head 3035 preferably includes one or more annular séaling members 3160 for
sealing the interface between the first lower sealing head 3035 and the first outer
sealing mandrel 3040. The sealing members 31 60 may comprise any number of
conventional commercially available annular sealing members such as, for example, o-
rings, polypak seals, or metal spring energized seals. The sealing members 3160
comprise polypak seals available from Parker Seals in order to optimally provide
sealing for a long axial stroke.

The first lower sealing head 3035 may be coupled to the first inner sealing
mandrel 3020 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, ratchet-latch type threaded connection or a
standard threaded connection. The first lower sealing head 3035 is removably coupled
to the first inner sealing mandrel 3020 by a standard threaded connection. The
mechanical coupling between the first lower sealing head 3035 and the first inner
sealing mandrel 3020 includes one or more sealing members 3165 for fluidicly sealing
the interface between the first lower sealing head 3035 and the first inner sealing
mandrel 3020. The sealing members 3165 may comprise any number of conventional
commercially available sealing members such as, for example, o-rings, polypak seals,
or metal spring energized seals. The sealing members 3165 comprise polypak seals
available from Parker Seals in order to optimally provide sehling for a long axial stroke
length.

The first lower sealing head 3035 may be coupled (o the second inner sealing
mandrel 3045 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods

specialty type threaded connection, ratchet-latch type threaded connection or a
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standard threaded connection. The first lower sealing head 3035 is removably coupled
to the second inner sealing mandrel 3045 by a standérd threaded connection. The
mechanical coupling between the first lower sealing head 3035 and the second inner
sealing mandrel 3045 includes one or more sealing r;'lembers 3170 for fluidicly sealing
the interface between the first lower sealing head 3035 and the second inner sealing
mandrel 3045. The sealing members 3170 may conjpﬁse any number of conventional
commercially available sealing members such as, fof example, o-rings, polypak seals
or metal spring energized seals. The sealing membefirs 3170 comprise polypak seals
available from Parker Seals in order to optimally prc;vide sealing for a long axial
stroke.

The first outer sealing mandrel 3040 is coupled to the first upper sealing head
3030 and the second upper seéling head 3050. The iirst outer sealing mandrel 3040 is
also movably coupled to the inner surface of the casjng 3075 and the outer surface of
the first lower sealing head 3035. In this manner, the first upper sealing head 3030,
first outer sealing mandrel 3040, second upper sealit:ng head 3050, second outer sealing
mandrel 3060, and the expansion cone 3070 recjproéate in the axial direction. The
radial clearance between the outer surface of the first outer sealing mandrel 3040 and
the inner surface of the casing 3075 may range, for éxample, from about 0.025 t0 0.375
inches. The radial clearance between the outer surfi;ce of the first outer sealing
mandrel 3040 and the inner surface of the casing 30%75 ranges from about 0.025 to
0.125 inches in order to optimally provide stabilizatiion for the expansion cone 3070
during the expansion process. The radial clearance :between the inner surface of the
first outer sealing mandrel 3040 and the outer surfaée of the first lower sealing head
3035 may range, for example, from about 0.005 to 0:.125 inches. The radial clearance
between the inner surface of the first outer sealing n%iandrel 3040 and the outer surface
of the first lower sealing head 3035 ranges from abo{ut 0.005 to 0.01 inches in order to
optimally provide minimal radial clearance. '

" The first outer sealing mandrel 3040 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The first outer sealing
mandrel 3040 may be fabricated from any number of conventional commercially
available materials such as, for example, oilfield country tubular goods, low alloy

steel, carbon steel, stainless steel or other similar high strength materials. The first
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outer sealing mandrel 3040 is fabricated from stainless steel in order to optimally
provide high strength, corrosion resistance, and low friction surfaces.

The first outer sealing mandrel 3040 may be coupled io the first upper sealing
head 3030 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, ratchet-latch type threaded connection or a
standard threaded connection. The first outer sealing mandrel 3040 is removably
coupled to the first upper sealing head 3030 by a standard threaded connection. The
mechanical coupling between the first outer sealing mandre] 3040 and the first upper
sealing head 3030 includes one or more sealing members 31§O for sealing the interface
between the first outer sealing mandrel 3040 and the first upﬁer sealing head 3030.
The sealing members 3180 may comprise any number of cor;ventional commercially
available sealing members such as, for example, o-rings, polypak seals or metal spring
energized seals. The sealing members 3180 comprise polypik seals available from
Parker Seals in order to optimally provide sealing for a long axial stroke.

The first outer sealing mandrel 3040 may be coupled to the second upper
sealing head 3050 using any number of conventional comme;rcially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, ratchet-]atEh type threaded
connection, or a standard threaded connection. The first outer sealing mandrel 3040 is
removably coupled to the second upper sealing head 3050 by a standard threaded
connection. The mechanical coupling between the first outer sealing mandrel 3040
and the second upper sealing head 3050 includes one or more sealing members 3185
for sealing the interface between the first outer sealing mandrel 3040 and the second
upper sealing head 3050. The sealing members 3185 may comprise any number of
conventional commercially available sealing members such as, for example, o-rings,
polypak seals or metal spring energized seals. The sealing r:nembers 3 185 comprise
polypak seals available from Parker Seals in order to optimaﬂy provide sealing for a
long axial stroke.

The second inner sealing mandrel 3045 is coupled to the first lower sealing
head 3035 and the second lower sealing head 3055. The second inner sealing mandrel

3045 preferably comprises a substantially hollow tubular member or members. The
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second inner sealing mandrel 3045 may be fabn'cate‘i from any number of
conventional commercially available materials such as, for example, oilfield country
tubular goods, low alloy steel, carbon steel, stainless 'steel or other similar high
strength materials. The second inner sealing mandrel 3045 is fabricated from stainless
steel in order to optimally provide high strength, corrosion resistance, and low friction
surfaces. :

The second inner sealing mandrel 3045 may be coupled to the first lower
sealing head 3035 using any number of conventional commercially available
mechanical couplings such as, for example, drillpipe; connection, oilfield country
tubular goods specialty type threaded connection, ratchet-latch type threaded
connection or a standard threaded connection. The séecond inner sealing mandrel 3045
is removably coupled to the first lower sealing head 3035 by a standard threaded
connection. The second inner sealing mandrel 3043 may be coupled to the second
lower sealing head 3055 using any number of conveixtional commercially available
mechanical couplings such as, for example, drillpipe! connection, oilfield country
tubular goods specialty type threaded connection, ratchet-latch type connection, or a
standard threaded connection. The second inner sealing mandrel 3045 is removably
coupled to the second lower sealing head 3055 by a Etandard threaded connection.

The second inner sealing mandrel 3045 prefdrably includes a fluid passage
3100 that is adapted to convey fluidic matenials fron:u the fluid passage 3095 into the
fluid passage 3105. The fluid passage 3100 is adapied to convey fluidic materials such
as, for example, cement, epoxy, water, drilling mud or lubricants at operating pressures
and flow rates ranging from about 0 to 9,000 psi anf! 0 to 3,000 gallons/minute.

The second inner sealing mandrel 3045 furth{er preferably includes fluid
passages 3120 that are adapted to convey fluidic mziterials from the fluid passage 3100
into the second preﬁsure chamber 3190 defined by tﬁe second upper sealing head 3050,
the second lower séaling head 3055, the second inner sealing mandrel 3045, and the
second outer sealing mandrel 3060. During operatfon of the apparatus 3000,
pressurization of the second pressure chamber 3190 causes the first upper sealing head
3030, the first outer sealing mandrel 3040, the secoild upper sealing head 3050, the
second outer sealing mandrel 3060, and the expansi:on cone 3070 to move in an axial

direction.
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The second upper sealing head 3050 is coupled to the first outer sealing
mandrel 3040 and the sec nd outer sealing mandrel 3060. The second upper sealing
head 3050 is also movably coupled to the outer surface of the second inner sealing
mandrel 3045 and the inner surface of the casing 3075. In this manner, the second
upper sealing head 3050 reciprocates in the axial direction. The radial clearance
between the inner cylindrical surface of the second upper sealing head 3050 and the
outer surface of the second inner sealing mandrel 3045 may fange. for example, from
about 0.0025 to 0.05 inches. The radial clearance between tI}e inner cylindrical surface
of the second upper sealing head 3050 and the outer surface of the second inner sealing
mandrel 3045 ranges from about 0.005 to 0.01 inches in order to optimally provide
minimal radial clearance. The radial clearance between the outer cylindrical surface of
the second upper sealing head 3050 and the inner surface of-the casing 3075 may
range, for example, from about 0.025 to 0.375 inches. The radial clearance between
the outer cylindrical surface of the second upper sealing head 3050 and the inner
surface of the casing 3075 ranges from about 0.025 to 0.125 inches in order to
optimally provide stabilization for the expansion cone 3070 duning the expansion
process. |

The second upper sealing head 3050 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The second upper sealing
head 3050 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular good§, low alloy steel, carbon
steel, stainless steel or other similar high strength materials. EThe second upper sealing
head 3050 is fabricated from stainless steel in order to optimally provide high strength,
corrosion resistance, and low friction surfaces. The inner su;'face of the second upper
sealing head 3050 preferably includes one or more annular sealing members 3195 for
sealing the interface between the second upper sealing head 3050 and the second inner
sealing mandrel 3045. The sealing members 3195 may comprise any number of
conventional commercially available annular sealing membeirs such as, for example, o-
rings, polypak seals or metal spring energized seals. The seziling members 3195
comprise polypak seals available from Parker Seals in order to optimally provide

sealing for a long axial stroke.
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The second upper sealing head 3050 include§ a shoulder 3200 for supporting
the first upper sealing head 3030, first outer sealing !mandrel 3040, second upper
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 on
the second lower sealing head 3055. |

The second upper sealing head 3050 may be Eoup]ed to the first outer sealing
mandrel 3040 using any number of conventional co&unercially available mechanical
couplings such as, for example, drillpipe cohnection? oilfield country tubular goods
specialty type threaded connection, ratchet-latch type threaded connection, or a
standard threaded connection. The second upper seéling head 3050 is removably
coupled to the first outer sealing mandrel 3040 by a :standard threaded connection.
The mechanical coupling between the second upper ésealing head 3050 and the first
outer sealing mandrel 3040 includes one or more seéling members 3185 for fluidicly
sealing the interface between the second upper sealiﬁg head 3050 and the first outer
sealing mandrel 3040. The second upper sealing heéad 3056 may be coupled to the
second outer sealing mandrel 3060 using any numbeér of conventional commercially
available mechanical couplings such as, for example;, drillpipe connection, oilfield
country tubular goods specialty type threaded conneption, ratchet-latch type threaded
connection, or a standard threaded connection. The second upper sealing head 3050 is
removably coupled to the second outer sealing mancirel 3060 by a standard threaded
connection. The mechanical coupling between the ;emnd upper sealing head 3050
and the second outer sealing mandrel 3060 includes pne or more sealing members
3205 for fluidicly sealing the interface between the s;econd upper sealing head 3050
and the second outer sealing mandrel 3060.

The second lower sealmg head 3055 is coupled to the second inner sealing
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is also
movably coupled to the inner surface of the second outer sealing mandrel 3060. In this
manner, the first upper sealing head 3030, first outer sealing mandrel 3040, second
upper sealing mandrel 3050, second outer sealing mandrel 3060, and expansion cone
3070 reciprocate in the axial direction. The radial cﬁearance between the outer surface
of the second lower sealing head 3055 and the innerisurface of the second outer sealing
mandrel 3060 may range, for example, from about 0I.0025 to 0.05 inches. The radial

clearance between the outer surface of the second lower sealing head 3055 and the
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inner surface of the second outer sealing mandrel 3060 ranges from about 0.005 to
0.01 inches in order to optimally provide minimal radial clea!iance.

The second lower sealing head 3055 preferably comprises an annular member
having substantially cylindrical inner and outer surfaces. The second lower sealing
head 3055 may be fabricated from any number of conventional commercially available
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon
steel, stainless steel, or other similar high strength materials. The second lower sealing
head 3055 is fabricated from stainless steel in order to optimélly provide high strength,
corrosion resistance, and low friction surfaces. The outer sur;face of the second lower
sealing head 3055 preferably includes one or more annular sealing members 3210 for
sealing the interface between the second lower sealing head 3055 and the second outer
sealing mandrel 3060. The sealing members 3210 may comprise any number of
conventional commercially available annular sealing membefs such as, for example, o-
rings, polypak seals, or metal spring energized seals. The sealing members 3210
comprise polypak seals available from Parker Seals in order to optimally provide
sealing for long axial strokes.

The second lower sealing head 3055 may be coupled to the second inner sealing
mandrel 3045 using any number of conventional commerciaily available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, or a standard threaded connection. The second
lower sealing head 3055 is removably coupled to the second inner sealing mandrel
3045 by a standard threaded connection. The mechanical coupling between the lower
sealing head 3055 and the second inner sealing mandrel 3045 includes one or more
sealing members 3215 for fluidicly sealing the interface between the second lower
sealing head 3055 and the second inner sealing mandrel 3045. The sealing members
3215 may comprise any number of conventional commerciaily available sealing
members such as, for example, o-rings, polypak seals or metal spring energized seals.
The sealing members 3215 comprise polypak seals available from Parker Seals in
order to optimally provide sealing for long axial strokes.

The second lower sealing head 3055 may be coupled to the load mandrel 3065
using any number of conventional commercially available mechanical couplings such

as, for example, drillpipe connection, oilfield country tubular goods specialty type
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threaded connection, or a standard threaded connecti;on. The second lower sealing
head 3055 is removably coupled to the load mandrel 3065 by a standard threaded
connection. The mechanical coupling between the second lower sealing head 3055
and the load mandrel 3065 includes one or more seaiing members 3220 for fluidicly
sealing the interface between the second lower sealiﬂg head 3055 and the load mandrel
3065. The sealing members 3220 may comprise an)i number of conventional
commercially available sealing members such as, for example, o-rings, polypak seals
or metal spring energized seals. The sealing members 3220 comprise polypak seals
available from Parker Seals in order to optimally pr(;vide sealing for a long axial
stroke.

The second lower sealing head 3055 include§ a throat passage 3225 fluidicly
coupled between the fluid passages 3100 and 3105. The throat passage 3225 is
preferably of reduced size and is adapted to receive ;and engage with a plug 3230, or
other similar device. In this manner, the fluid passaée 3100 is fluidicly isolated from
the fluid passage 310S. In this manner, the pressureg chambers 3175 and 3190 are
pressurized. Furthermore, the placement of the plué 3230 in the throat passage 3225
also pressurizes the pressure chambers 3130 of the ﬂydraulic slips 3025.

The second outer sealing mandrel 3060 is coixpled to the second upper sealing
head 3050 and the expansion cone 3070. The secon;d outer sealing mandrel 3060 is
also movably coupled to the inner surface of the caéing 3075 and the outer surface of
the second Jower sealing head 3055. In this mannef, the first upper sealing head 3030,
first outer sealing mandrel 3040, second upper sealiing head 3050, second outer sealing
mandrel 3060, and the expansion cone 3070 reciproicate in the axial direction. The
radial clearance between the outer surface of the sécond outer sealing mandrel 3060
and the inner surface of the casing 3075 may range; for example, from about 0.025 to
0.375 inches. The radial clearance between the outfer surface of the second outer
sealing mandrel 3060 and the inner surface of the cizsing 3075 rénges from about 0.025
to 0.125 inches in order to optimally provide stabilization for the expansion cone 3070
during the expansion process. The radial clearance between the inner surface of the
second outer sealing mandrel 3060 and the outer sﬁrfacc of the second lower sealing
head 3055 may range, for example, from about 0.0025 to 0.05 inches. The radial

clearance between the inner surface of the second outer sealing mandrel 3060 and the
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outer surface of the second lower sealing head 3055 ranges from about 0.005 to 0.01
inches in order to optimally provide minimal radial clearance.

The second outer sealing mandrel 3060 preferably cofnpn'ses an annular
member having substantially cylindrical inner and outer surfaces. The second outer
sealing mandrel 3060 may be fabricated from any number ot: conventional
commercially available materials such as, for example, oilfield country tubular goods,
low alloy steel, carbon steel, stainless steel or other similar high strength materials.
The second outer sealing mandrel 3060 is fabricated from stéinless steel in order to
optimally provide high strength, corrosion resistance, and low friction surfaces.

The second outer sealing mandrel 3060 may be coupled to the second upper
sealing head 3050 using any numt;éi of conventional commercially available
mechanical couplings such as, for example, drillpipe connection, oilfield country
tubular goods specialty type threaded connection, or a standard threaded connection.
The outer sealing mandrel 3060 is removably coupled to the second upper sealing head
3050 by a standard threaded connection. The second outer sealing mandrel 3060 may
be coupled to the expansion cone 3070 using any number of conventional
commercially available mechanical couplings such as, for exiample, drillpipe
connection, oilfield country tubular goods specialty type thréaded connection, or a
standard threaded connection. The second outer sealing manjdrel 3060 is removably
coupled to the expansion cone 3070 by a standard threaded connection.

The first upper sealing head 3030, the first lower sealing head 3035, the first
inner sealing mandrel 3020, and the first outer sealing mandrel 3040 together define
the first pressure chamber 3175. The second upper sealing };ead 3050, the second
lower sealing head 3055, the second inner sealing mandrel 3045, and the second outer
sealing mandrel 3060 together define the second pressure chamber 3190. The first and
second pressure chambers, 3175 and 3190, are fluidicly couy;led to the passages, 3095
and 3100, via one or more passages, 3115 and 3120. During operation of the apparatus
3000, the plug 3230 engages with the throat passage 3225 t6 fluidicly isolate the fluid
passage 3100 from the fluid passage 3105. The pressure chajmbers, 3175 and 3190, are
then pressurized which in turn causes the first upper sealing :head 3030, the first outer
sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing

mandrel 3060, and expansion cone 3070 to reciprocate in the axial direction. The axial
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motion of the expansion cone 3070 in turn expands the casing 3075 in the radial
direction. The use of a plurality of pressure chambers, 3175 and 3190, effectively
multiplies the available driving force for the expansion cone 3070.

The load mandrel 3065 is coupled to the seco}nd lower sealing head 3055. The
load mandrel 3065 preferably comprises an annular member having substantially
cylindrical inner and outer surfaces. The load mandrel 3065 may be fabricated from
any number of conventional commercially available haterials such as, for example,
oilfield country tubular goods, low alloy steel, carboﬁ steel, stainless stee] or other
similar high strength materials. The load mandrel 3(565 is fabricated from stainless
steel in order to optimally provide high strength, corfosion resistance, and low friction
surfaces. ,

The load mandrel 3065 may be coupled to the lower sealing head 3055 using
any number of conventional commercially available fmechanica] couplings such as, for
example, epoxy, cement, water, drilling mud, or lubricants. The load mandrel 3065 is
removably coupled to the lower sealing head 3055 b;y a standard threaded connection.

The load mandrel 3065 preferably includes a huid passage 3105 that is adapted

to convey fluidic materials from the fluid passage 3 100 to the region outside of the

apparatus 3000. The fluid passage 3105 is adapted tb convey fluidic materials such as,
for example, cement, epoxy, water, drilling mud or lEubn‘cants at operating pressures
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute.

The expansion cone 3070 is coupled to the sécond outer sealing mandrel 3060.
The expansion cone 3070 is also movably coupled té the inner surface of the casing
3075. In this manner, the first upper sealing head 3630, first outer sealing mandrel
3040, second upper sealing head 3050, second outeri sealing mandrel 3060, and the
expansion cone 3070 reciprocdte in the axial direction. The reciprocation of the
expansion cone 3070 causes the casing 3075 to expand in the radial direction.

The expansion cone 3070 preferably compri&es an annular member having
substantially cylindrical inner and conical outer surﬁces. The outside radius of the
outside conical surface may range, for example, ﬁ'of?n about 2 to 34 inches. The
outside radius of the outside conical surface ranges from about 3 to 28 inches in order
to optimally provide an expansion cone 3070 for exf)anding typical casings. The axial

length of the expansion cone 3070 may range, for eiample, from about 2 to 8 times the
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maximum outer diameter of the expansion cone 3070. The axial length of the
expansion cone 3070 ranges from about 3 to 5 times the maximum outer diameter of
the expansion cone 3070 in order to optimally provide stabilization and centralization
of the expansion cone 3070 during the expansion process. The maximum outside
diameter of the expansion cone 3070 is between about 95 to 99 % of the inside
diameter of the existing wellbore that the casing 3075 will be joined with. The angle
of attack of the expansion cone 3070 ranges from about 5 to 30 degrees in order to
optimally balance the frictional forces with the radial expansibn forces.

The expansion cone 3070 may be fabricated from any number of conventional
commercially available materials such as, for example, machine tool steel, nitride steel,
titanium, tungsten carbide, ceramics, or other similar high stréngth materials. The
expansion cone 3070 is fabricated from D2 machine tool steel in order to optimally
provide high strength and resistance to wear and galling. The outside surface of the
expansion cone 3070 has a surface hardness ranging from about 58 to 62 Rockwell C
in order to optimally provide high strength and resistance to wear and galling.

The expansion cone 3070 may be coupled to the second outside sealing
mandrel 3060 using any number of conventional commercially available mechanical
couplings such as, for example, drillpipe connection, oilfield country tubular goods
specialty type threaded connection, ratchet-latch type connection or a standard
threaded connection. The expansion cone 3070 is coupled té the second outside
sealing mandrel 3060 using a standard threaded connection m order to optimally
provide high strength and easy disassembly.

The casiﬁg 3075 is removably coupled to the slipé 3025 and the expansion cone
3070. The casing 3075 preferably comprises a tubular memlger. The casing 3075 may
be fabricated from any number of conventional commercially available materials such
as, for example, slotted tubulars, oilfield country tubular goods, carbon steel, low alloy
steel, stainless steel, or other similar high strength materials. The casing 3075 is
fabricated from oilfield country tubular goods available from various foreign and
domestic steel mills in order to optimally provide high strength.

The upper end 3235 of the casing 3075 includes a thin wall section 3240 and an
outer annular sealing member 3245. The wall thickness of the thin wall section 3240

is about 50 to 100 % of the regular wall thickness of the casing 3075. In this manner,
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the upper end 3235 of the casing 3075 may be easily radially expanded and deformed
into intimate contact with the lower end of an existil;g section of wellbore casing. The
lower end of the existing section of casing also incll;des a thin wall section. In this
manner, the radial expansion of the thin walled section 3240 of casing 3075 into the
thin walled section of the existing wellbore casing results in a wellbore casing having a
substantially constant inside diameter. _

The annular sealing member 3245 may be fai)ri cated from any number of
conventional commercially available sealing materiéls such as, for example, epoxy,
rubber, metal or plastic. The annular sealing member 3245 is fabricated from
Stratal.ock epoxy in order to optimally provide com;)ressibility and wear resistance.
The outside diameter of the annular sealing member: 3245 preferably ranges from

about 70 to 95 % of the inside diameter of the lower section of the wellbore casing that

.the casing 3075 is joined to. In this manner, after ra;dial expansion, the annular sealing

member 3245 optimally provides a fluidic seal and azlso preferably optimally provides
sufficient frictional force with the inside surface of ﬁﬁe existing section of wellbore
casing during the radial expansion of the casing 307§ to support the casing 3075.

The lower end 3250 of the casing 3075 incluaes a thin wall section 3255 and an
outer annular sealing member 3260. The wall thickt?:ess of the thin wall section 3255
is about 50 to 100 % of the regular wall thickness of the casing 3075. In this manner,
the lower end 3250 of the casing 3075 may be easil;] expanded and deformed.
Furthermore, in this manner, an other section of casing may be easily joined with the
lower end 3250 of the casing 3075 using a radial exﬁansion process. The upper end of
the other section of casing also includes a thin wall §ection. In this manner, the radial
expansion of the thin walled section of the upper end of the other casing into the thin
walled section 3255 of the lower end 3250 of the ca:sing 3075 results in a wellbore
casing having a substantially constant inside diamet;er.

The upper annular sealing member 3245 may be fabricated from any number of
conventional commercially available sealing materials such as, for example, epoxy,
rubber, metal or plastic. The upper annular sealing member 3245 is fabricated from
Stratalock epoxy in order to optimally provide compressibility and resistance to wear.
The outside diameter of the upper annular sealing member 3245 preferably ranges

from about 70 to 95 % of the inside diameter of the lower section of the existing
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wellbore casing that the casing 3075 is joined to. In this manner, after radial
expansion, the upper annular sealing member 3245 preferably provides a fluidic seal
and also preferably provides sufficient frictional force with tfle inside wall of the
wellbore during the radial expansion of the casing 3075 to support the casing 3075.
The lower annular sealing member 3260 may be fabricated from any number of
conventional commercially available sealing materials such as, for example, epoxy,
rubber, metal or plastic. The lower annular sealing member 3260 is fabricated from
StrataLock epoxy in order to optimally provide compressibility and resistance to wear.
The outside diameter of the lower annular sealing member 3260 preferably ranges
from about 70 to 95 % of the inside diameter of the lower se(;:tion of the existing
wellbore casing that the casing 3075 is joined to. In this manner, the lower annular
sealing member 3260 preferably provides a fluidic seal and a;lso preferably provides

sufficient frictional force with the inside wall of the wellbore during the radial

" expansion of the casing 3075 to support the casing 3075.

During operation, the apparatus 3000 is preferably positioned in a wellbore
with the upper end 3235 of the casing 3075 positioned in an bverlapping relationship
with the lower end of an existing wellbore casing. The thin wall section 3240 of the
casing 3075 is positioned in opposing overlapping relation with the thin wall section
and outer annular sealing member of the lower end of the existing section of wellbore
casing. In this manner, the radial expansion of the casing 3075 will compress the thin
wall sections and annular compressible members of the upper end 3235 of the casing
3075 and the lower end of the existing wellbore casing into intimate contact. During
the positioning of the apparatus 3000 in the wellbore, the caéing 3000 is preferably
supported by the expansion cone 3070. |

After positioning the apparatus 3000, a first fluidic material is then pumped into
the fluid passage 3080. The first fluidic material may comprise any number of
conventional commercially available materials such as, for example, drilling mud,
water, epoxy, cement, slag mix or lubricants. The first fluidic material comprises a
hardenable fluidic sealing material such as, for example, cement, epoxy, or slag mix in
order to optimally provide a hardenable outer annular body ﬁround the expanded

casing 3075.
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The first fluidic material may be pumped int<; the fluid passage 3080 at
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The first fluidic material iis pumped into the fluid passage
3080 at operating pressures and flow rates ranging fri‘om about 0 to 3,500 psi and 0 to
1,200 gallons/minute in order to optimally provide aperating efficiency.

The first fluidic material pumped into the ﬂuid passage 3080 passes through the
fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of the - apparatus
3000. The first fluidic material then preferably fills the annular region betwecn the
outside of the apparatus 3000 and the interior walls of the wellbore.

The plug 3230 is then introduced into the ﬂuiid passage 3080. The plug 3230
lodges in the throat passage 3225 and fluidicly isolaées and blocks off the fluid passage
3100. A couple of volumes of a non-hardenable ﬂu{dic material are then pumped into
the fluid passage 3080 in order to remove any harde%nable fluidic material contained
within and to ensure that none of the fluid passages ;re blocked.

A second fluidic material is then pumped intdf) the fluid passage 3080. The
;econd fluidic material may comprise any number of conventional commercially
available materials such as, for example, water, drilling gases, drilling mud or
lubricant. The second fluidic material comprises a nion-hardenable fluidic material
such as, for example, water, drilling mud, dnilling gases, or lubricant in order to
optimally provide pressurization of the pressure chambers 3175 and 3190.

The second fluidic material may be pumped into the fluid passage 3080 at
operating pressures and flow rates ranging, for exan;ple, from about 0 to 4,500 psi and
0 to 4,500 gallons/minute. The second fluidic mateﬁal is pumped into the fluid
passage 3080 at operating pressures and flow rates rangmg from about 0 to 3,500 psi
and 0 to 1,200 gallons/minute in order to optimally prov1de operational efficiency.

The second fluidic material pumped into the ﬂmd passage 3080 passes through
the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 3130 of the
slips 3025, and into the pressure chambers 3175 and 3190. Continued pumping of the
second fluidic material pressurizes the pressure chambers 3130, 3175, and 3190.

The pressurization of the pressure chambers 3130 causes the hydraulic slip

members 3140 to expand in the radial direction and grip the interior surface of the
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casing 3075. The casing 3075 is then preferably maintained in a substantially
stationary position.

The pressurization of the pressure chambers 3175 and 3190 cause the first
upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing head
3050, second outer sealing mandrel 3060, and expansion cone 3070 to move in an
axial direction relative to the casing 3075. In this manner, the expansion cone 3070
will cause the casing 3075 to expand in the radial direction, Beginning with the lower
end 3250 of the casing 3075. '

During the radial expansion process, the casing 3075 is prevented from moving
in an upward direction by the slips 3025. A length of the casing 3075 is then expanded
in the radial direction through the pressun'zatioﬁ of the pressﬁre chambers 3175 and
3190. The length of the casing 3075 that is expanded during the expansion process
will be proportional to the stroke length of the first upper sealing head 3030, first outer
sealing mandrel 3040, second upper sealing head 3050, and éxpansion cone 3070.

Upon the completion of a stroke, the operating pressure of the second fluidic
material is reduced and the first upper sealing head 3030, ﬁrsl outer sealing mandrel
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and
expansion cone 3070 drop to their rest positions with the casing 3075 supported by the
expansion cone 3070. The reduction in the operating pressure of the second fluidic
material also causes the spring bias 3135 of the slips 3025 to ‘pull the slip members
3140 away from the inside walls of the casing 3075.

The position of the drillpipe 3075 is preferably adjusted throughout the radial
expansion process in order to maintaih the overlapping relatiibnship between the thin
walled sections of the lower end of the existing wellbore casing and the upper end of
the casing 3235. The stroking of the expansion cone 3070 is:then repeated, as
necessary, until the thin walled section 3240 of the upper end 3235 of the casing 3075
is expanded into the thin walled section of the lower end of the existing wellbore
casing. In this manner, a wellbore casing is formed including two adjacent sections of
casing having a substantially constant inside diameter. This process may then be
repeated for the entirety of the wellbore to provide a we]lboré casing thousands of feet

in length having a substantially constant inside diameter.
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During the final stroke of the expansion cone 3070, the slips 3025 are
positioned as close as possible to the thin walled section 3240 of the upper end 3235 of
the casing 3075 in order minimize slippage between ihe casing 3075 and the existing
wellbore casing at the end of the radial expansion process. Alternatively, or in
addition, the outside diameter of the upper annular séaling member 3245 is selected to
ensure sufficient interference fit with the inside diamieter of the lower end of the
existing casing to prevent axial displacement of the éasing 3075 during the final stroke.
Alternatively, or in addition, the outside diameter of ihc lower annular sealing member
3260 is selected to provide an interference fit with thfe inside walls of the wellbore at
an earlier point in the radial expansion process so as Eto prevent further axial
displacement of the casing 3075. iﬁ'ihis final altemiltive, the interference fit is
preferably selected to pcrfnit expansion of the casingi 3075 by pulling the expansion
cone 3070 out of the wellbore, without having to pre?ssun'ze the pressure chambers
3175 and 3190. |

During the radial expansion process, the preséurized areas of the apparatus
3000 are preferably limited to the fluid passages 308b, 3085, 3090, 3095, 3100, 3110,
3115, 3120, the pressure chambers 3130 within the slips 3025, and the pressure
chambers 3175 and 3190. No fluid pressure acts diréctly on the casing 3075. This
permits the use of operating pressures higher than th:e casing 3075 could normally
withstand. |

Once the casing 3075 has been completely exjpanded off of the expansion cone
3070, the remaining portions of the apparatus 3000 ére removed from the wellbore.
The contact pressure between the deformed thin wali sections and compressible
annular members of the lower end of the existing casiing and the upper end 3235 of the
casing 3075 ranges from about 400-to 10,000 psi in Brder to optimally support the
casing 3075 using the existing wellbore casing. |

In this manner, the casing 3075 is radially exspanded into contact with an
existing section of casing by pressurizing the interior fluid passages 3080, 3085, 3090,
3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 3025 and
the pressure chambers 3175 and 3190 of the apparaﬁls 3000.

As required, the annular body of hardenable huidic material is then allowed to

cure to form a rigid outer annular body about the expanded casing 3075. In the case
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where the casing 3075 is slotted, the cured fluidic material preferably permeates and
envelops the expanded casing 3075. The resulting new section of wellbore casing
includes the expanded casing 3075 and the rigid outer annular body. The overlapping
joint between the pre-existing wellbore casing and the expanded casing 3075 includes
the deformed thin wall sections and the compressible outer ahnu]ar bodies. The inner
diameter of the resulting combined wellbore casings is substantially constant. In this
manner, a mono-diameter wellbore casing is formed. This process of expanding
overlapping tubular members having thin wall end portions with compressible annular
bodies into contact can be repeated for the entire length of a wellbore. In this manner,
a mono-diameter wellbore casing can be provided for thousands of feet in a
subterranean formation.

‘As the expansion cone 3070 nears the upper end 3235 of the casing 3075, the
operating flow rate of the second fluidic material is reduced in order to minimize shock
to the apparatus 3000. The apparatus 3000 includes a shock absorber for absorbing the
shock created by the completion of the radial expansion of the casing 3075.

The reduced operating pressure of the second fluidic material ranges from about
100 to 1,000 psi as the expansion cone 3070 nears the end of’ the casing 3075 in order
to optimally provide reduced axial movement and velocity df the expansion cone 3070.
The operating pressure of the second fluidic material is reduced during the return
stroke of the apparatus 3000 to the range of about 0 to 500 psi in order minimize the
resistance to the movement of the expansion cone 3070 during the return stroke. The
stroke length of the apparatus 3000 ranges from about 10 to 45 feet in order to
optimally provide equipment that can be easily handled by tirpical oil well rigging
equipment and also minimize the frequency at which the apparatus 3000 must be re-
stroked. :

At least a portion of one or both of the upper sealing heads, 3030 and 3050,
includes an expahsion cone for radially expanding the casing 3075 during operation of
the apparatus 3000 in order to increase the surface area of t);e casing 3075 acted upon
during the radial expansion process. In this manner, the opérating pressures can be
reduced.

Alternatively, the apparatus 3000 may be used to join a first section of pipeline

to an existing section of pipeline. Alternatively, the apparatus 3000 may be used to
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directly line the interior of a wellbore with a casing, without the use of an outer annular
layer of a hardenable material. Altenatively, the apﬁaratus 3000 may be used to
expand a tubular support member in a hole. |

Referring now to Figure 21, an apparatus 333b for isolating subterranean zones
will be described. A wellbore 3305 including a casir;g 3310 are positioned in a
subterranean formation 3315. The subterranean fonﬁation 3315 includes a number of
productive and non-productive zones, including a weiter zone 3320 and a targeted oil
sand zone 3325. During exploration of the subterran?ean formation 3315, the wellbore
3305 may be extended in a well known manner to trz;verse the various productive and
non-productive zones, including the water zone 3320 and the targeted oil sand zone
332s.

In order to fluidicly isolate the water zone 33;20 from the targeted oil sand zone
3325, an apparatus 3330 is provided that includes on:e or more sections of solid casing
3335, one or more external seals 3340, one or more siections of slotted casing 3345,
one or more intermediate sections of solid casing 33550, and a solid shoe 3355.

The solid casing 3335 may provide a fluid cc!mduit that transmits fluids and
other materials from one end of the solid casing 3335 to the other end of the solid
casing 3335. The solid casing 3335 may comprise ai'ly number of conventional
commercially available sections of solid tubular casi;ng such as, for example, oilfield
tubulars fabricated from chromium steel or ﬁbcrglas;i. The solid casing 3335
comprises oilfield tubulars available from various foieign and domestic steel mills.

The solid casing 3335 is preferably coupled to the casing 3310. The solid
casing 3335 may be coupled to the casing 3310 usiné any number of conventional
commercially available processes such as, for examéle, welding, slotted and
expandable connectors, or expandable solid connect:ors. The solid casing 3335 is
coupled to the casing 3310 by using expandable solih connectors. The solid casing
3335 may comprise a plurality of such solid casings ;3335.

The solid casing 3335 is preferably coupled uo one more of the slotted casings
3345. The solid casing 3335 may be coupled to the islotted casing 3345 using any

number of conventional commercially available processes such as, for example,

| . .
welding, or slotted and expandable connectors. The solid casing 3335 is coupled to the

slotted casing 3345 by expandable solid connectors.

182




10

15

20

25

30

25791.23.12 P74968GB0OS

The casing 3335 includes one more valve members 3360 for controlling the
flow of fluids and other materials within the interior region of the casing 3335.
During the production mode of operation, an internal tubular string with various
arrangements of packers, perforated tubing, sliding sleeves, and valves may be
employed within the apparatus to provide various options for commingling and
isolating subterranean zones from each other while providing a fluid path to the
surface. , | '

The casing 3335 is placed into the wellbore 3305 by éxpanding the casing 3335
in the rédial direction into intimate contact with the interior walls of the wellbore 3305.
The casing 3335 may be expanded in the radial direction usiﬁg any number of
conventional commercially available methods. The casing 3335 is expanded in the
radial direction using one or more of the processes and apparatus described within the
present disclosure.

The seals 3340 prevent the passage of fluids and otheér materials within the
annular region 3365 between the solid casings 3335 and 3350 and the wellbore 3305.
The seals 3340 may comprise any number of conventional cbmmcrcially available
sealing materials suitable for sealing a casing in a wellbore such as, for example, lead,
rubber or epoxy. The seals 3340 comprise Stratalok epoxy material available from
Halliburton Energy Services.

The slotted casing 3345 permits fluids and other materials to pass into and out
of the interior of the slotted casing 3345 from and to the annjular region 3365. In this
manner, oil and gas may be produced from a producing subterranean zone within a
subterranean formation. The slotted casing 3345 may compﬁsc any number of
conventional commercially available sections of slotted tubular casing. The slotted
casing 3345 comprises expandable slotted tubular casing available from Petroline in
Aberdeen, Scotland. The slotted casing 145 comprises expzindablc slotted sandscreen
tubular casing available from Petroline in Aberdeen, Scotland.

The slotted casing 3345 is preferably coupled to one or more solid casing 3335.
The slotted casing 3345 may be coupled to the solid casing 3335 using any number of
conventional commercially available processes such as, for ;example, welding, or
slotted or solid expandable connectors. The slotted casing 3345 is coupled to the solid

casing 3335 by expandable solid connectors.
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The slotted casing 3345 is preferably coupled :to one or more intermediate solid
casings 3350. The slotted casing 3345 may be coupled to the intermediate solid casing
3350 using any number of conventional commerciall:y available processes such as, for
example, welding or expandable solid or slotted conr;ectors. The slotted casing 3345 is
coupled to the intermediate solid casing 3350 by expimdable solid connectors.

The last section of slotted casing 3345 is preférably coupled to the shoe 3355.
The last slotted casing 3345 may be coupled to the shoe 3355 using any number of
conventional commercially available processes such as, for example, welding or
expandable solid or slotted connectors. The last slott:ed casing 3345 is coupled to the
shoe 3355 by an expandable solid connector. |

The shoe 3355 is coupled directly to the last one of the intermediate solid
casings 3350. ' h

The slotted casings 3345 are positioned within the wellbore 3305 by expanding
the slotted casings 3345 in a radial direction into itm';'nate contact with the intenior
walls of the wellbore 3305. The slotted casings 3345 may be expanded in a radial
direction using any number of conventional commericially available processes. The
slotted casings 3345 are expanded in the radial direc‘tion \ising one or more of the
processes and apparatus disclosed in the present disc;losure with reference to Figures
14a-20. | '

The intermediate solid casing 3350 permits fiuids and other matcrials to pass
between adjacent slotted casings 3345. The intermegiate solid casing 3350 may
comprise any number of conventional commercial]y% available sections of solid tubular
casing such as, for example, oilfield tubulars fabricated from chromium steel or
fiberglass. The intermediate solid casing 3350 com}fvrises oilfield tubulars available
from foreign and domestic steel mills. |

The intermediate solid casing 3350 is preferz;bly coupled to one or more
sections of the slotted casing 3345. The intermediatie solid casing 3350 may be
coupled to the slotted casing 3345 using any numbei' of conventional commercially
available processes such as, for example, welding, (;r solid or slotted expandable
connectors. The intermediate solid casing 3350 is cfoupled to the slotted casing 3345
by expandable solid connectors. The intermediate sblid casing 3350 may comprise a

plurality of such intermediate solid casing 3350.
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Each intermediate solid casing 3350 includes one more valve members 3370 for
controlling the flow of fluids and other materials within the iriterior region of the
intermediate casing 3350. As will be recognized by persons having ordinary skill in
the art and the benefit of the present disclosure, during the prbduction mode of
operation, an internal tubular string with various arrangements of packers, perforated
tubing, sliding sleeves, and valves may be employed within the apparatus to provide
various options for commingling and isolating subterranean iones from each other
while providing a fluid path to the surface.

The intermediate casing 3350 is placed into the wellbore 3305 by expanding the
intermediate casing 3350 in the radial direction into intimate contact with the interior
walls of the wellbore 3305. The intermediate casing 3350 may be expanded in the
radial direction using any number of conventional commercihly available methods.

One or more of the intermediate solid casings 3350 may be omitted. One or
more of the slotted casings 3345 are provided with one or more seals 3340.

The shoe 3355 provides a support member for the apparatus 3330. In this
manner, various production and exploration tools may be supported by the show 3350.
The shoe 3350 may comprise any number of conventional cémmercia]]y available
shoes suitable for use in a wellbore such as, for example, cexji)ent filled shoe, or an
aluminum or composite shoe. The shoe 3350 comprises an aluminum shoe available
from Halliburton. The shoe 3355 is selected to provide sufficient strength in
compression and tension to permit the use of high capacity production and exploration
tools.

The apparatus 3330 includes a plurality of solid casirigs 3335, a plurality of
seals 3340, a plurality-of slotted casings 3345, a plurality of intermediate solid casings
3350, and a shoe 3355. More generally, the apparatus 3330 may comprise onc or more
solid casings 3335, each with one or more valve members 3360, n slotted casings
3345, n-1 intermediate solid casings 3350, each with one or more valve members
3370, and a shoe 3355.

During operation of the apparatus 3330, oil and gas may be controllably
produced from the targeted oil sand zone 3325 using the slotted casings 3345. The oil
and gas may then be transported to a surface location using the solid casing 3335. The

use of intermediate solid casings 3350 with valve members 3370 permits isolated
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sections of the zone 3325 to be selectively isolated far production. The seals 3340
permit the zone 3325 to be fluidicly isolated from the! zone 3320. The seals 3340
further permits isolated sections of the zone 3325 to be fluidicly isolated from each
other. In this manner, the apparatus 3330 permits unwanted and/or non-productive
subterranean zones to be fluidicly isolated. |

As will be recognized by persons having ordinary skill in the art and also
having the benefit of the present disclosure, during tﬁe production mode of operation,
an internal tubular string with various arrangements c;>f packers, perforated tubing,
sliding sleeves, and valves may be employed within &he apparatus to provide various .
options for commingling and isolating subterranean !zones from each other while
providing a fluid path to the surface.

Referring to Figures 22a, 22b, 22c and 22d, an apparatus 3500 for forming a
wellbore casing while drilling a wellbore will now be described. The apparatus 3500
includes a support member 3505, a mandrel 3510, a mmdrel launcher 3515, a shoe
3520, a tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid passage
3540, a second fluid passage 3545, a pressure chambler 3550, a third fluid passage
3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a releasable coupling
3600. |

The support member 3505 is coupled to the rﬁandlfel 3510. The support
member 3505 preferably comprises an annular memtlaer having sufficient strength to
carry and support the apparatus 3500 within the wellbore 3575. The support member
3505 further includes one or more conventional centralizers (not illustrated) to help
stabilize the apparatus 3500.

The support member 3505 may comprise one or more sections of conventional
commercially available tubular materials such as, foi' example, oilfield country tubular
goods, low alloy steel, stainless steel or carbon steel. The support member 3505
comprises coiled tubing or drillpipe in order to optirhally permit the placement of the
apparatus 3500 within a non-vertical wellbore.

The support member 3505 includes a first fluid passage 3540 for conveying
fluidic materials from a surface location to the fluid :passage 3545. The first fluid

passage 3540 is adapted to convey fluidic materials such as water, drilling mud,
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cement, epoxy or slag mix at operating pressures and flow rates ranging from about 0
to 10,000 psi and 0 to 3,000 gallons/minute.

The mandrel 3510 is coupled to and supported by the ﬁupport member 3505.
The mandrel 3510 is also coupled to and supports the mandre! launcher 3515 and
tubular member 3525. The mandrel 3510 is preferably adaptéd to controllably expand
in a radial direction. The mandrel 3510 may comprise any mimber of conventional
commercially available mandrels modified in accordance witix the teachings of the
present disclosure. The mandrel 3510 comprises a hydraulic expansion tool as
disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated herein
by reference, modified in accordance with the teachings of th;e present disclosure.

The mandrel 3510 includes one or more conical sections for expanding the
tubular member 3525 in the radial direction. The outer surfaées of the conical sections
of the mandrel 3510 have a surface hardness ranging from abbut 58 to 62 Rockwell C
in order to optimally radially expand the tubular member 3525. ‘

The mandrel 3510 includes a second fluid passage 3545 fluidicly coupled to thg
first fluid passage 3540 and the pressure chamber 3550 for crimveying fluidic materials
from the first fluid passage 3540 to the pressure chamber 35§O. The second fluid
passage 3545 is adapted to convey fluidic materials such as »:vater, drilling mud,
cement, epoxy or slag mix at operating pressures and flow rates ranging from about 0
to 12,000 psi and 0 to 3,500 gallons/minute in order to optimally provide operating
pressure for efficient operation.

The mandrel launcher 3515 is coupled to the tubular member 3525, the mandrel
3510, and the shoe 3520. The mandrel launcher 3515 preferibly comprises a tapered
annular member that mates with at a portion of at least one ofthc conical portions of
the outer surface of the mandrel 3510. The wall thickness of the mandrel launcher is
less than the wall thickness of the tubular member 3525 in order to facilitate the
initiation of the radial expansion process and facilitate the pl;icgment of the apparatus
in openings having tight clearances. The wall thickness of the mandrel launcher 3515
ranges from about 50 to 100 % of the wall thickness of the tubular member 3525
immediately adjacent to the mandrel Jauncher 3515 in order itc optimally facilitate the
radial expansion process and facilitate the insertion of the apparatus 3500 into wellbore

casings and other areas with tight clearances.

187




10

15

20

25

30

25791.23.12 P7496BGBOS

The mandrel launcher 3515 may be fabricate{i from any number of
conventional commercially available materials such ius, for exar:vle, oilfield country
tubular goods, low alloy steel, carbon steel or stainléss steel. The mandrel launcher
3515 is fabricated from oilfield country tubular goodls of higher strength by lower wall
thickness than the tubular member 3525 in order to optimally provide a smaller
container having approximately the same burst strenfgth as the tubular member 3525.

The shoe 3520 is coupled to the mandrel lauxicher 3515 and the releasable
coupling 3600. The shoe 3520 preferably compriseé a substantially annular member.
The shoe 3520 or the releasable coupling 3600 include a third fluid passage 3555
fluidicly coupled to the pressure chamber 3550 and t;he mud motor 3530.

The shoe 3520 may comprise any number of iconventional commercially
available shoes such as, for example, cement filled, aluminum or composite modified
in accordance with the teachings of the present disclosure. The shoe 3520 comprises a
high strength shoe having a burst strength approxim&tely equal to the burst strength of
the tubular member 3525 and mandrel launcher 351 5 The shoe 3520 is preferably
coupled to the mud motor 3520 by a releasable couﬁling 3600 in order to optimally
provide for removal of the mud motor 3530 and drill nit 3535 upon the completion of a
drilling and casing operation. ;

The shoe 3520 includes a releasable latch meécham’sm 3600 for retrieving and
removing the mud motor 3530 and drill bit 3535 upém the completion of the drilling
and casing formation operations. The shoe 3520 fuﬁher includes an anti-rotation
device for maintaining the shoe 3520 in a substantiqglly stationary rotational position
during operation of the apparatus 3500. The releasable latch mechanism 3600 is
releasably coupled to the shoe 3520.

The tubular member 3525 is supported by ar;d coupled to the mandrel 3510.
The tubular member 3525 is expanded in the radial direction and extruded off of the
mandrel 3510. The tubular member 3525 may be fébricated from any number of
conventional commercially available materials suchf as, for example, Qilfield Country
Tubular Goods (OCTG), 13 chromium steel tubing/casing, automotive grade steel, or
plastic tubing/casing. The tubular member 3525 is :fabn‘cated from OCTG in order to
maximize strength after expansion. The inner and outer diameters of the tubular

member 3525 may range, for example, from approiimatcly 0.75 to 47 inches and 1.05
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to 48 inches, respectively. The inner and outer diameters of the tubular member 3525
range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to
optimally provide minimal telescoping effect in the most commonly drilled wellbore
sizes. The tubular member 3525 preferably comprises an annular member with solid
walls.

The upper end portion 3580 of the tubular member 3525 is slotted, perforated,
or otherwise modified to catch or slow down the mandrel 3510 when the mandrel 3510
completes the extrusion of tubular member 3525. For typical tubular member 3525
materials, the length of the tubular member 3525 is preferably limited to between
about 40 to 20,000 feet in length. The tubular member 3525 may comprise a single
tubular member or, alternatively, a plurality of tubular members coupled to one
another.

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. The
mud motor 3530 is also fluidicly coupled to the fluid passage 3555. The mud motor
3530 is driven by fluidic materials such as, for example, drilling mud, water, cement,
epoxy, lubricants or slag mix conveyed from the fluid passaée 3555 to the mud motor
3530. In this manner, the mud motor 3530 drives the drill bit 3535. The operating
pressures and flow rates for operating mud motor 3530 may range, for example, from
about O to 12,000 psi and 0 to 10,000 gallons/minute. The oi>eratin g pressures and
flow rates for operating mud motor 3530 range from aboﬁt 0 to 5,000 psi and 40 to
3,000 gallons/minute. f

The mud motor 3530 may comprise any number of conventional commercially
available mud motors, modified in accordance with the teacﬁings of the present
disclosure. The size of the mud motor 3520 and drill bit 3535 are selected to pass
through the interior of the shoe 3520 and the expanded tubular member 3525. In this
manner, the mud motor 3520 and drill bit 3535 may be retrieved from the downhole
location upon the conclusion of the drilling and casing opcraﬂtions.

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is
preferably adapted to be powered by the mud motor 3530. In this manner, the drill bit
3535 drills out new sections of the wellbore 3575.

The drill bit 3535 may comprise any number of conventional commercially

available drill bits, modified in accordance with the teachings of the present disclosure.
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The size of the mud motor 3520 and drill bit 3535 are selected to pass through the
interior of the shoe 3520 and the expanded tubular ﬁember 3525. In this manner, the
mud motor 3520 and drill bit 3535 may be retrieved gfrom the downhole location upon
the conclusion of the drilling and casing operations. The drill bit 3535 comprises an
eccentric drill bit, a bi-centered drill bit, or a small diameter drill bit with an
hydraulically actuated under reamer. |

The first fluid passage 3540 permits fluidic nitaterials to be transported to the
second fluid passage 3545, the pressuré chamber 3550, the third fluid passage 3555,
and the mud motor 3530. The first fluid passage 354;0 is coupled to and positioned
within the support member 350S5. The first fluid pasisage 3540 preferably extends from
a position adjacent to the surface to"ﬁie second fluid ipassage 3545 within the mandrel
3510. The first fluid passage 3540 is preferably positioned along a centerline of the
apparatus 3500.

The second fluid passage 3545 permits ﬂuidi;: materials to be conveyed from
the first fluid passage 3540 to the pressure chamber éSSO, the third fluid passage 3555,
and the mud motor 3530. The second fluid passage ;’:545 is coupled to and positioned
within the mandrel 3510. The second fluid passage ?.':545 preferably extends from a
position adjacent to the first fluid passage 3540 to the bottom of the mandrel 3510.
The second fluid passage 3545 is preferably positioned substantially along the
centerline of the apparatus 3500.

The pressure chamber 3550 permits fluidic materials to be conveyed from the
second fluid passage 3545 to the third fluid passage 5555, and the mud motor 3530.
The pressure chamber is preferably defined by the region below the mandrel 3510 and
within the tubular member 3525, mandrel launcher 35 15, shoe 3520, and releasable
coupling 3600. During operation of the apparatus 3500, pressunization of the pressure
chamber 3550 preferably causes the tubular member? 3525 to be extruded off of the
mandrel 3510. |

The third fluid passage 3555 permits fluidic materials to be conveyed from the
pressure chamber 3550 to the mud motor 3530. Thé third fluid passage 3555 may be
coupled to and positioned within the shoe 3520 or releasable coupling 3600. The third
fluid passage 3555 preferably extends from a positio!n adjacent to the pressure chamber
3550 to the bottom of the shoe 3520 or releasable coupling 3600. The third fluid
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passage 3555 is preferably positioned substantially along the centerline of the
apparatus 3500. 4

The fluid passages 3540, 3545, and 3555 are preferably selected to convey
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging
from about O to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally
operational efficiency.

The cup seal 3560 is coupled to and supported by the outer surface of the
support member 3505. The cup seal 3560 prevents foreign materials from entering the
interior region of the tubular member 3525. The cup seal 3560 may comprise any
number of conventional commercially available cup seals such as, for example, TP
cups or SIP cups modified in accordance with the teachings af the present disclosure.
The cup seal 3560 comprises a SIP cup, available from Hallit}unon Energy Services in
Dallas, TX in order to optimally block the entry of foreign materials and contain a
body of lubricant. The apparatus 3500 includes a plurality of such cup seals in order to
optimally prevent the entry of foreign matenial into the interiér region of the tubular
member 3525 in the vicinity of the mandrel 3510.

A quantity of lubricant 3565 is provided in the annular region above the
mandrel 3510 within the interior of the tubular member 3525'. In this manner, the -
extrusion of the tubular member 3525 off of the mandrel 3510 is facilitated. The
lubricant 3565 may comprise any number of conventional cc;mmercially available
lubricants such as, for example, Lubriplate, chlorine based lubricants, oil based
lubricants or Climax 1500 Antisieze (3100). The lubricant 3565 comprises Climax
1500 Antisieze (3100) available from Climax Lubricants and Equipment Co. in
Houston, TX in order to optimally provide optimum lubrication to facilitate the
expansion process. |

The seals 3570 are coupled to and supported by the end portion 3580 of the
tubular member 3525. The seals 3570 are further positioned on an outer surface of the
end portion 3580 of the tubular member 3525. The seals 3570 permit the overlapping
joint between the lower end portion 3585 of a preexisting section of casing 3590 and
the end portion 3580 of the tubular member 3525 to be fluidicly sealed. The seals
3570 may comprise any number of conventional commercia'lly available seals such as,

for example, lead, rubber, Teflon, or epoxy seals modified in accordance with the
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teachings of the present disclosure. The seals 3570 %are molded from Stratalock epoxy
available from Halliburton Energy Services in Dallas, TX in order to optimally provide
a load bearing interference fit between the end 3580 of the tubular member 3525 and
the end 3585 of the pre-existing casing 3590. |

The seals 3570 are selected to optimally provide a sufficient frictional force to
support the expanded tubular member 3525 from the pre-existing casing 3590. The
frictional force optimally provided by the seals 3570 ranges from about 1,000 to
1,000,000 1bf in order to optimally support the eXpahded tubular member 3525.

The releasable coupling 3600 is preferably nlzleasably coupled to the bottom of
the shoe 3520. The re!easable coupling 3600 incluci:es fluidic seals for sealing the
interface between the releasable coupling 3600 and ithe shoe 3520. In this manner, the
pressure chamber 3550 may be pressurized. The rel:easable coupling 3600 may
comprise any number of conventional commercia]l); available releasable couplings
suitable for drilling operations modified in accordanfce with the teachings of the
present disclosure.

As illustrated in Figure 22A, during operatioin of the apparatus 3500, the
apparatus 3500 is preferably initially positioned witljn'n a preexisting section of a
wellbore 3575 including a preexisting section of weilborc casing 3590. The upper end
portion 3580 of the tubular member 3525 is positior;ed in an overlapping relationship
with the lower end 3585 of the preexisting section oif casing 3590. The apparatus 3500
is initially positioned in the wellbore 3575 with the drill bit 353 in contact with the
bottom of the wellbore 3575. During the initial placiement of the apparatus 3500 in the
welibore 3575, the tubular member 3525 is preferabiy supported by the mandrel 3510.

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into the
first fluid péssage 3540. The fluidic material 3595 is preferably conveyed from the
first fluid passage 3540 to the second fluid passage 3545, the pressure chamber 3550,
the third fluid passage 3555 and the inlet to the mud:motor 3530. The fluidic material
3595 may comprise any number of conventional corlmnercially available fluidic
materials such as, for example, drilling mud, water, cement, epoxy or slag mix. The
fluidic material 3595 may be pumped into the first ﬂuid passage 3540 at operating
pressures and flow rates ranging, for example, from about 0 to 9,000 psi and 0 to 3,000

gallons/minute,
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The fluidic material 3595 will enter the inlet for the mud motor 3530 and drive
the mud motor 3530. The fluidic material 3595 will then exit the mud motor 3530 and
enter the annular region surrounding the apparatus 3500 within the wellbore 3575.
The mud motor 3530 will in turn drive the drill bit 3535. The operation of the drill bit
3535 will drill out a new section of the wellbore 3575.

In the case where the fluidic material 3595 comprises :a hardenable fluidic
material, the fluidic material 3595 preferably is permitted to ¢ure and form an outer
annular body surrounding the periphery of the expanded tubular member 3525.
Alternatively, in the case where the fluidic material 3595 is a non-hardenable fluidic
material, the tubular member 3595 _preferably is expanded into intimate contact with
the interior walls of the wellbore 3575. In this manner, an outer annular body is not
provided in all applications. |

As illustrated in Figure 22C, at some point during operation of the mud motor
3530 and drill bit 3535, the pressure drop across the mud moior 3530 will create
sufficient back pressure to cause the operating pressure withiln the pressure chamber
3550 to elevate to the pressure necessary to extrude the tubulﬁr member 3525 off of the
mandrel 3510. The elevation of the operating pressure within the pressure chamber
3550 will then cause the tubular member 3525 to extrude off: of the mandrel 3510 as
illustrated in Figure 22D. For typical tubular members 3525; the necessary operating
pressure may range, for example, from about 1,000 to 9,000 psi. In this manner, a
wellbore casing is formed simultaneous with the drilling out -of a new section of
wellbore. ‘

During the operation of the apparatus 3500, the apparatus 3500 is lowered into
the wellbore 3575 until the drill bit 3535 is proximate the bottom of the wellbore 3575.
Throughout this process, the tubular member 3525 is preferai)ly supported by the
mandrel 3510. The apparatus 3500 is then lowered until the drill bit 3535 is placed in
contact with the bottom of the wellbore 3575. At this point, at least a portion of the
weight of the tubular member 3525 is supported by the drill Bit 3535.

The fluidic material 3595 is then pumped into the first fluid passage 3540,
second fluid passage 3545, pressure chamber 3550, third fluid passage 3555, and the
inlet of the mud motor 3530. The mud motor 3530 then drives the drill bit 3535 to

drill out a new section of the wellbore 3575. Once the differential pressure across the
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mud motor 3530 exceeds the minimum extrusion pressure for the tubular member
3525, the tubular member 3525 begins to extrude off of the mandrel 3510. As the
tubular member 3525 is extruded off of the mandre]-3510, the weight of the extruded
portion of the tubular member 3525 is transferred toj and supported by the drill bit
3535. The pumping pressure of the fluidic material §3595 is maintained substantially
constant throughout this process. At some point dmi.ing the process of extruding the
tubular member 3525 off of the mandrel 3510, a sutiicient portion of the weight of the
tubular member 3525 is transferred to the drill bit 3535 to stop the extrusion process
due to the opposing force. Continued drilling by thé drill bit 3535 eventually transfers
a sufficient portion of the weight of the extruded poi'tion of the tubular member 3525
back to the mandrel 3510. At this point, the exh'usibn of the tubular member 3525 off
of the mandrel 3510 continues. In this manner, the support member 3505 never has to
be moved and no drillpipe connections have to be n'{ade at the surface since the new
section of the wellbore casing within the newly drilled section of wellbore is created
by the constant downward feeding of the expanded tubular member 3525 off of the
mandrel 3510. _ |

Once the new section of wellbore that is Iine:d with the fully expanded tubular
member 3525 is completed, the support member 35()5_ and mandrel 3510 are removed
from the wellbore 3575. The drilling assembly incl:tiding the mud motor 3530 and drill
bit 3535 are then preferably removed by lowering agdrillstring into the new section of
wellbore casing and retrieving the drilling assembly? by using the latch 3600. The
expanded tubular member 3525 is then cemented using conventional squeeze
cementing methods to provide a solid annular sealiﬁg member around the periphery of
the expanded tubular member 3525.

Alternatively, the apparﬁtus 3500 may be used to repair or form an underground
pipeline or form a support member for a structure. ’il‘he teachings of the apparatus
3500 are combined with the teachings illustrated in fFigures 1-21. For example, by
operably coupling the mud motor 3530 and drill bitf3535 to the pressure chambers
used to cause the radial expansion of the tubular members of the arrangements
illustrated and described with reference to Figures 1-21, the use of plugs may be
eliminated and radial expansion of tubular members can be combined with the drilling

out of new sections of wellbore.
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Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for expanding a
tubular member will be described. The apparatus 3700 includes a support member
3705, a packer 3710, a first fluid conduit 3715, an annular flﬁid passage 3720, fluid
inlets 3725, an annular seal 3730, a second fluid conduit 3733, a fluid passage 3740, a
mandrel 3745, a mandrel launcher 3750, a tubular member 3755, slips 3760, and seals
3765. The apparatus 3700 is used to radially expand the tubular member 3755. In this
manner, the apparatus 3700 may be used to form a wellbore casing, line a wellbore
casing, form a pipeline, line a pipeline, form a structural support member, or repair a
wellbore casing, pipeline or structural support member. The ;apparatus 3700 is used to
clad at'least a portion of the tubular member 3755 onto a preéxisting tubular member.

The support member 3705 is preferably coupled to the packer 3710 and the
mandrel launcher 3750. The support member 3705 preferabl} comprises a tubular
member fabricated from any number of conventional commercially available materials
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, or
stainless steel. The support member 3705 is preferably selected to fit through a
preexisting section of wellbore casing 3770. In this manner, the apparatus 3700 may
be positioned within the wellbore casing 3770. The support member 3705 is
releasably coupled to the mandrel launcher 3750. In this manner, the support member
3705 may be decoupled from the mandrel launcher 3750 updn the completion of an
extrusion operation. V

The packer 3710 is coupled to the support member 3705 and the first fluid
conduit 3715. The packer 3710 preferably provides a fluid seal between the outside
surface of the first fluid conduit 3715 and the inside surface of the support member
3705. In this manner, the packer 3710 preferably seals off aﬁd, in combination with
the support member 3705, first fluid conduit 3715, second fluid conduit 3735, and
mandrel 3745, defines an annular chamber 3775. The packei' 3710 may comprise any
number of conventional commercially available packers modified in accordance with
the teachings of the present disclosure.

The first fluid conduit 3715 is coupled to the packer 3710 and the annular scal
3730. The first fluid conduit 3715 preferably comprises an annular member fabricated
from any number of conventional commercially available materials such as, for

example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless steel.
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The first fluid conduit 3715 includes one or more fluid inlets 3725 for conveying
fluidic materials from the annular fluid passage 3720 into the chamber 3775,

The annular fluid passage 3720 is defined by and positioned between the
interior surface of the first fluid conduit 3715 and the interior surface of the second
fluid conduit 3735. The annular fluid passage 3720 I.S preferably adapted to convey
fluidic matenials such as cement, water, epoxy, lubn'ql‘,ams, and slag mix at operating
pressures and flow rates ranging from about 0 to 9,060 psi and O to 3,000
gallons/minute in order to optimally provide operatiénal efficiency.

The fluid inlets 3725 are positioned in an end;portion of the first fluid conduit
3715. The fluid inlets 3725 preferably are adapted té convey fluidic materials such as
cement, water, epoxy, lubricants, and slag mix at opérating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally
provide operational efficiency. é

The annular seal 3730 is coupled to the first ﬂuid conduit 3715 and the second
fluid conduit 3735. The annular seal 3730 prefcrablfy provides a fluid seal between the
interior surface of the first fluid conduit 3715 and the exterior surface of the second
fluid conduit 3735. The annular seal 3730 preferablfy provides a fluid seal between the
interior surface of the first fluid conduit 3715 and thé exterior surface of the second
fluid conduit 3735 during relative axial motion of thé first fluid conduit 3715 and the
second fluid conduit 3735. The annular seal 3730 may comprise any number of
conventional commercially available seals such as, for example, o-rings, polypak seals
or metal spring energized seals. The annular seal 3‘f30 comprises a polypak seal
available from Parker Seals in order to optimally prévide sealing for axial motion.

The second fluid conduit 3735 is coupled to njhe annular seal 3730 and the
mandrel 3745. The second fluid conduit preferably E:ompn’ses a tubular member
fabricated from any number of conventional commeircially available materials such as,
for example, coiled tubing, oilfield country tubular éwds, low alloy steel, stainless
steel, or low carbon steel. The second fluid conduit 3735 is adapted to convey fluidic
materials such as cement, water, epoxy, lubricants, and slag mix at operating pressures
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order

to optimally provide operational efficiency.
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The fluid passage 3740 is coupled to the second fluid conduit 3735 and the
mandrel 3745. The fluid passage 3740 is adapted to convey fluidic materials such as
cement, water, epoxy, lubricants, and slag mix at operating pressures and flow rates
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minixte in order to optimally
provide operational efficiency.

The mandrel 3745 is coupled to the second fluid conduit 3735 and the mandrel
launcher 3750. The mandrel 3745 preferably comprise an annular member having a
conic section fabricated from any number of conventional commercially available
materials such as, for example, carbon steel, tool steel, ceramics, or composite
materials. The angle of attack the conic section of the mandrel 3745 ranges from about
10 to 30 degrees in order to optimally expand the mandrel launcher 3750 and tubular
member 3755 in the radial direction. The surface hardness of the conic section of the
mandrel 3745 ranges from about S0 Rockwell C to 70 Rockwell C. The surface
hardness of the outer surface of the conic section of the mandrel 3745 ranges from
about 58 Rockwell C to 62 Rockwell C in order to optimally‘provide high yield
strength. The mandrel 3745 is expandable in order to further optimally augment the
radial expansion process. |

The mandrel launcher 3750 is coupled to the support member 3705, the
mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 preferably
comprise a tubular member having a variable cross-section and a reduced wall
thickness in order to facilitate the radial expansion process. The cross-sectional area of
the mandrel launcher 3750 at one end is adapted to mate with the mandrel 3745, and at
the other end, the cross-sectional area of the mandrel launcher 3750 is adapted to
match the cross-sectional area of the tubular member 3755. The wall thickness of the
mandrel launcher 3750 ranges from about 50 to 100 % of the wall thickness of the
tubular member 3755 in order to facilitate the initiation of the radial expansion
process.

The mandrel launcher 3750 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield country
tubular goods, low allow steel, stainless steel, or carbon sthl. The mandrel launcher
3750 is fabricated from oilfield country tubular goods having higher strength but lower
wall thickness than the tubular member 3755 in order to optimally match the burst
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strength of the tubular member 3755. The mandrel Iéuncher 3750 is removably
coupled to th .ubular member 3755. In this manner; the mandrel launcher 3750 may
be removed from the wellbore 3780 upon the complétion of an extrusion operation.
The tubular member 3755 is coupled to the m!andrel launcher, the slips 3760
and the seals 3765. The tubular member 3755 prefel;ably comprises a tubular member
fabricated from any number of conventional commelicially available matenals such as,
for example, low alloy steel, carbon steel, stainless st!eel, or oilfield country tubular
goods. The tubular member 3755 is fabricated from foilﬁeld country tubular goods.
The slips 3760 are coupled to the outside suri%ace of the tubular member 3755.
The slips 3760 preferably are adapted to couple to the interior walls of a casing,
pipeline or other structure upon the radial expansion fof the tubular member 3755. In
this manner, the slips 3760 provide structural supporgt for the expanded tubular member
3755. The slips 3760 may comprise any number of éonvcntional commercially
available slips, modified in accordance with the teacihings of the present disclosure.
The seals 3765 are coupled to the outside sur?'ace of the tubular member 3755.
The seals 3765 preferably provide a fluidic seal betv}een the outside surface of the
expanded tubular member 3755 and the interior walls of a casing, pipeline or other
structure upon the radial expansion of the tubular mémber 3755. In this manner, the
seals 3765 provide a fluidic seal for the expanded tuiaular member 3755. The seals
3765 may comprise any number of conventional commercially available seals such as,
for example, lead, rubber, Teflon or epoxy seals moéiiﬁed in accordance with the
teachings of the present disclosure. The seals 3765 comprise seals molded from
Stratalock epoxy available from Halliburton Energy:Services in Dallas, TX in order to
optimally provide a hydraulic seal in the overlappinig joint and optimally provide load
carrying capacity to withstand the range of typical ténsile and compressive loads.
During operation of the apparatus 3700, the ;pparatus 3700 is preferably
lowered into a wellbore 3780 having a preexisting section of wellbore casing 3770.
The apparatus 3700 is positioned with at least a portion of the tubular member 3755
overlapping with a portion of the wellbore casing 37i70. In this manner, the radial
expansion of the tubular member 3755 will preferab;ly cause the outside surface of the
expanded tubular member 3755 to couple with the i;lside surface of the wellbore

casing 3770. The radial expansion of the tubular member 3755 will also cause the
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slips 3760 and seals 3765 to engage With the interior surface of the wellbore casing
3770. In this manner, the expanded tubular member 3755 is provided with enhanced
structural support by the slips 3760 and an enhanced fluid seal by the seals 3765.

As illustrated in FIG. 23B, after placement of the apparatus 3700 in an
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 is
preferably pumped into the chamber 3775 using the fluid passage 3720 and the inlet
passages 3725. The fluidic material is pumped into the chamber 3775 at operating
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000
gallons/minute in order to optimally provide operational efficiency. The pumped
fluidic material 3785 increase the operating pressure within the chamber 3775. The
increased operating pressure in the chamber 3775 then causes the mandrel 3745 to
extrude the mandrel launcher 3750 and tubular member 3755 off of the face of the
mandrel 3745. The extrusion of the mandrel launcher 3750 dnd tubular member 3755
off of the face of the mandrel 3745 causes the mandrel launcher 3750 and tubular
member 3755 to expand in the radial direction. Continued pﬁmpingiof the fluidic
material 3785 preferably causes the entire length of the tubular member 3755 to
expand in the radial direction.

The pumping rate and pressure of the fluidic material 3785 is reduced during
the latter stages of the extrusion process in order to minimize shock to the apparatus

3700. The apparatus 3700 includes shock absorbers for absadrbing the shock caused by

* the completion of the extrusion process.

The extrusion process causes the mandrel 3745 to move in an axial direction
3785. During the axial movement of the mandrel, The fluid ‘passage 3740 conveys
fluidic material 3790 displaced by the moving mandrel 3745 out of the wellbore 3780.
In this manner, the operational efficiency and speed of the extrusion process is
enhanced.

The extrusion process includes the injection of a hardenable fluidic material
into the annular region between the tubular member 3755 and the bore hole 3780. In
this manner, a hardened sealing layer is provided between the expanded tubular
member 3755 and the interior walls of the wellbore 3780.

‘As illustrated in FIG. 23C, Upon the completion of the extrusion process, the
support member 3705, packer 3710, first fluid conduit 3715, annular seal 3730, second
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fluid conduit 3735, mandrel 3745, and mandrel launéher 3750 are moved from the
wellbore 3780.

The apparatus 3700 is used to repair a preexisting wellbore casing, pipeline, or
structural support. Both ends of the tubular member 3755 preferably include slips
3760 and seals 3765.

The apparatus 3700 is used to form a tubular structural support for a building or
offshore structure. '

Referring now to FIGS. 24A, 24B, 24C, 24Dé and 24E, an apparatus 3900 for
expanding a tubular member will be described. 'I'he:apparams 3900 includes a support
member 3905, a mandrel launcher 3910 a mandrel 3915 a first fluid passage 3920, a
tubular member 3925, slips 3930, seals 3935, a shoe 3940, and a second fluid passage
3945. The apparatus 3900 is used to radially expand the mandrel launcher 3910 and
tubular member 3925. In this manner, the apparatus? 3900 may be used to forma
wellbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a
structural support member, or repair a wellbore casirig, pipeline or structural support
member. The apparatus 3900 is used to clad at least%a portion of the tubular member
3925 onto a preexisting structural member.

The support member 3905 is preferably coup!ed to the mandrel launcher 3910.
The support member 3905 preferably comprises a tuzbular member fabricated from any
number of conventional commercially available materials such as, for example, oilfield
country tubular goods, low alloy steel, carbon steel, br stainless steel. The support
member 3905, the mandrel launcher 3910, the tubul;ar member 3925, and the shoe
3940 are preferably selected to fit through a preexist%ing section of wellbore casing
3950. In this manner, the apparatus 3900 may be poisitioned within the wellbore
casing 3970. The support member 3905 is releasably coupled to the mandrel launcher
3910. In this manner, the support member 3905 may be decoupled from the mandrel
launcher 3910 upon the completion of an extrusion operation.

The mandrel launcher 3910 is coupled to the:support member 3905 and the
tubular member 3925. The mandrel launcher 3910 éoreferably comprise a tubular
member having a variable cross-section and a reduced wall thickness in order to
facilitate the radial expansion process. The cross-seictional area of the mandrel

launcher 3910 at one end is adapted to mate with the mandrel 3915, and at the other
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end, the cross-sectional area of the mandrel launcher 3910 is adapted to match the
cross-sectional area of the tubular member 3925. The wall thickness of the mandrel
launcher 3910 ranges from about 50 to 100 % of the wall thidkness of the tubular
member 3925 in order to facilitate the initiation of the radial Expansion process.

The mandrel launcher 3910 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield country
tubular goods, low allow steel, stainless steel, or carbon steel. The mandrel launcher
3910 is fabricated from oilfield country tubular goods having higher strength but lower
wall thickness than the tubular member 3925 in order to optimally match the burst
strength of the tubular member 3925. The mandrel launcher 3910 is removably
coupled to the tubular member 3925. In this manner, the mahdrel launcher 3910 may
be removed from the wellbore 3960 upon the completion of an extrusion operation.

The mandrel 3915 is coupled to the mandrel launcher 3910. The mandrel 3915
preferably comprise an annular member having a conic sectibn fabricated from any
number of conventional commercially available materials such as, for example, tool
steel, carbon steel, ceramics, or composite materials. The angle of attack of the conic
section of the mandrel 3915 ranges from about 10 to 30 degrees in order to optimally
expand the mandrel launcher 3910 and the tubular member 3925 in the radial direction.
The surface hardness of the conic section of the mandrel 3915 ranges from about 58 to
62 Rockwell C in order to optimally provide high strength ahd resist wear and galling.
The mandrel 3915 is expandable in order to further optimalfy augment the radial
expansion process.

The fluid passage 3920 is positioned within the mandrel 3915. The fluid
passage 3920 is preferably adapted to convey fluidic materials such as cement, water,
epoxy, lubricants, and slag mix at operating pressures and flow rates ranging from
about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide
operational efficiency. The fluid passage 3920 preferably includes an inlet 3965
adapted to receive a plug, or other similar device. In this manner, the interior chamber
3970 above the mandrel 3915 may be fluidicly isolated frorn the interior chamber 3975
below the mandrel 3915.

The tubular member 3925 is coupled to the mandrel launcher 3910, the slips
3930 and the seals 3935. The tubular member 3925 preferably comprises a tubular
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member fabricated from any number of conventiona:l commercially available materials
such as, for example, low alloy steel, carbon steel, stiainless steel, or oilfield country
tubular goods. The tubular member 3925 is fabricatéd from oilfield country tubular
goods. '

The slips 3930 are coupled to the outside suril"ace of the tubular member 3925.
The slips 3930 preferably are adapted to couple to the interior walls of a casing,
pipeline or other structure upon the radial expansionébf the tubular member 3925. In
this manner, the slips 3930 provide structural suppoét for the expanded tubular member
3925. The slips 3930 may cbmprise any number of iconventional commercially
available slips, modified in accordance with the teac§1ings of the present disclosure.

The seals 3935 are coupled to the outside sur%face of the tubular member 3925.
The seals 3935 preferably provide a fluidic seal betviveen the outside surface of the
expanded tubular member 3925 and the interior walis of a casing, pipeline or other
structure upon the radial expansion of the tubular mémber 3925. In this manner, the
seals 3935 provide a fluidic seal for the expanded mi:ulm member 3925. The seals
3935 may comprise any number of conventional comercially available seals such as,
for example, lead, rubber or epoxy. The seals 3935 Eompn’se Stratalok epoxy matenal
available from Halliburton Energy Services in order to optimally provide structural
support for the typical tensile and compressive loadé.

The shoe 3940 is coupled to the tubular mem:ber 3925. The shoe 3940
preferably comprises a substantially tubular membe;' having a fluid passage 3945 for
conveying fluidic materials from the chamber 3975 to the annular region 3970 outside
of the apparatus 3900. The shoe 3940 may comprise any number of conventional
commercially available shoes modified in accordance with the teachings of the present
disclosure. '

During operation of the apparatus 3900, the apparatus 3900 is preferably
lowered into a wellbore 3960 having a preexisting section of wellbore casing 3975.
The apparatus 3900 is positioned with at least a portfion of the tubular member 3925
overlapping with a portion of the wellbore casing 3975. In this manner, the radial
expansion of the tubular member 3925 will preferably cause the outside surface of the
expanded tubular member 3925 to couple with the ii\side surface of the wellbore

casing 3975. The radial expansion of the tubular member 3925 will also cause the
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slips 3930 and seals 3935 to engage with the interior surface of the wellbore casing
3975. In this manner, the expanded tubular member 3925 is provided with enhanced
structural support by the slips 3930 and an enhanced fluid seal by the seals 3935.

As illustrated in FIG. 24B, after placement of the apparatus 3900 in an
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 is
preferably pumped into the chamber 3970. The fluidic matefial 3980 then passes
through the fluid passage 3920 into the chamber 3975. The fluidic material 3980 then
passes out of the chamber 3975, through the fluid passage 3945, and into the annular
region 3970. The fluidic material 3980 is pumped into the éhamber 3970 at operating
pressures and flow rates ranging. from about 0 to 9,000 psi aﬁd 0 to 3,000
gallons/minute in order to optimall);"ﬁrovidc operational efficiency. The fluidic
material 3980 comprises a hardenable fluidic sealing material in order to form a
hardened outer annular member around the expanded tubulaf member 3925.

As illustrated in FIG. 24C, at some later point in the process, a ball 3985, plug
or other similar device, is introduced into the pumped fluidic material 3980. The ball |
3985 mates with and seals off the inlet 3965 of the fluid paséage 3920. In this manner,
the chamber 3970 is fluidicly isolated from the chamber 3975.

As illustrated in FIG. 24D, after placement of the ball 3985 in the inlet 3965 of
the fluid passage 3920, a fluidic material 3990 is pumped into the chamber 3970. The
fluidic material is preferably pumped into the chamber 3970 at opérating pressures and
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to
provide optimal operating efficiency. The fluidic material 3990 may comprise any
number of conventional commercially available materials sﬁch as, for example, water,
drilling mud, cement, epoxy, or slag mix. The fluidic material 3990 comprises a non-
hardenable fluidic material in order to maximize operational efficiency.

Continued pumping of the fluidic material 3990 increases fluidic material 3980
increases the operating pressure within the chamber 3970. The increased operating
pressure in the chamber 3970 then causes the mandrel 391 5'to extrude the mandrel
launcher 3910 and tubular member 3925 off of the conical face of the mandrel 3915.
The extrusion of the mandrel launcher 3910 and tubular member 3925 off of the
conical face of the mandrel 3915 causes the mandrel launcher 3910 and tubular

member 3925 to expand in the radial direction. Continued bumping of the fluidic
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material 3990 preferably causes the entire length of t‘:he tubular member 3925 to
expand in the radial direction. |

The pumping rate and pressure of the fluidic irnaterial 3990 is reduced during
the latter stages of the extrusion process in order to minimize shock to the apparatus
3900. The apparatus 3900 includes shock absorbers :for absorbing the shock caused by
the completion of the extrusion process. The extrusjion process causes the mandrel
3915 to move in an axial direction 3995. ,

As illustrated in FIG. 24E, Upon the completi;on of the extrusion process, the
support member 3905, packer 3910, first fluid conduit 3915, annular seal 3930, second
fluid conduit 3935, mandrel 3945, and mandre! launqi:her 3950 are removed from the
wellbore 3980. The resulting new section of wellbot?’e casing includes the preexisting
wellbore casing 3975, the expanded tubular mcmbér; 3925, the slips 3930, the seals
3935, the shoe 3940, and an outer annular layer 400() of hardened fluidic material.

The apparatus 3900 is used to repair a preexi#ting wellbore casing or pipeline.
Both ends of the tubular member 3955 preferably in{:lude slips 3960 and seals 3965.

The apparatus 3900 is used to form a tubular structural support for a building or
offshore structure.

Referring to FIGS. 25 and 26, the optimal relﬁtionship between the angle of
attack of an expansion mandrel and the minimally re;quired propagation pressure
during the expansion of a tubular member will now i’c described. As illustrated in
FIG. 25, during the radial expansion of a tubular mehber 4100 by an expansion
mandrel 4105, the expansion mandrel 4105 is displaéed in the axial direction. The
angle of attack a of the conical surface 4110 of the eixpansion mandrel 4105 directly
affects the required propagation pressure Ppg necess‘?ry to radially expand the tubular
member 4100. Referring to FIG. 26, for typical grades of materials and typical
geometries, the propagation pressure Ppy is minimizéed for an angle of attack of
approximately 25 degrees. Furthermore, the optimai range of the angle of attack a
ranges from about 10 to 30 degrees in order to mini:lnize the range of required
minimum propagation pressure Ppg.

Referring to FIG. 27, an expandable threaded connection 4300 will now be

described. The expandable threaded connection 4300 preferably includes a first
t
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tubular member 4305, a second tubular member 4310, a threaded connection 4315, an
O-ring groove 4320, and an O-ring 4325.

The first tubular member 4305 includes an inside wall 4330 and an outside wall
4335. The first tubular member 4305 preferably comprises an annular member having
a substantially constant wall thickness.  The second tubular member 4310 includes
an inside wall 4340 and an outside wall 4345. The second tui:ular member 4310
preferably comprises an annular member having a substantially constant wall
thickness. |

The first and second tubular members, 4305 and 4310, may comprise any
number of conventional commercially available members. The inside and outside
diameters of the first and second tubular members, 4305 and 4310, are substantially
equal. In this manner, the burst strength of the tubular members, 4305 and 4310, are
substantially equal. This minimizes the possibility of a catastrophic failure during the
radial expansion process.

The threaded connection 4315 may comprise any number of conventional
threaded connections suitable for use with tubular members. ‘The threaded connection
4315 comprises a pin-and-box threaded connection. In this manner, the assembly of
the first tubular member 4305 to the second tubular member 4310 is optimized.

The O-ring groove 4320 is preferably provided in the threaded portion of the
interior wall 4340 of the second tubular member 4310. The O-ring groove 4320 is
preferably adapted to receive and support one or more O-rinés. The volumetric size of
the O-ring groove 4320 is preferably selected to permit the O-ring 4325 to expand at
least approximately 20% in the axial direction during the radial expansion process. In
this manner, deformation of the outer surface 4345 of the second tubular member 4310
during and upon the completion of the radial expansion process is minimized.

The O-ring 4325 is supported by the O-ring groove 4320. The O-ring 4325
optimally ensures that a fluid-tight seal is maintained between the first tubular member
4305 and the second tubular member 4310 throughout and upon the completion of the
radial expansion process.

Referring to FIG. 28, an expandable threaded connection 4500 will now be

described. The expandable threaded connection 4500 includes a first tubular member
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4505, a second tubular member 4510, a threaded connection 4515, an O-ring groove
4520, and an O-ring 4525.

The first tubular member 4505 includes an inside wall 4530 and an outside wall
4535. The first tubular member 4305 preferably con{prises an annular member having
a substantially constant wall thickness. ~ The second tubular member 4510 includes
an inside wall 4540 and an outside wall 4545. The sécond tubular member 4510
preferably comprises an annular member having a sui>stantially constant wall
thickness.

The first and second tubular members, 4505 and 4510, may comprise any
number of conventional commercially available merﬁbers. The inside and outside
diameters of the first and second tubular members, 4505 and 4510, are substantially
equal. In this manner, the burst strength of the tubul;r members, 4505 and 4510, are
substantially equal. This minimizes the possibility of a catastrophic failure during the
radial expansion process.

The threaded connection 4515 may comprise ;any number of conventional
threaded connections suitable for use with tubular m!embers. The threaded connection
4515 comprises a pin-and-box threaded connection. ?In this manner, the assembly of
the first tubular member 4505 to the second tubular 1"nember 4510 is optimized.

The O-ring groove 4520 is preferably providéd in the threaded portion of the
interior wall 4540 of the second tubular member 45 1?0 irrﬁnediately adjacent to an end
portion of the threaded connection 4515. In this maxirmer, the sealing effect provided by
the O-ring 4525 is optimized. The O-ring groove 45;20 is preferably adapted to receive
and support one or more O-rings. The volumetric size of the O-ring groove 4520 is
preferably selected to permit the O-ring 4525 to expixnd at least approximately 20% in
the axial direction during the radial expansion proce;s. In this manner, deformation of
the outer surface 4545 of the second tubular membei 4510 during and upon the
completion of the radial expansion process is minimized.

The O-ring 4525 is supported by the O-ring fgroove 4520. The O-ring 4525
optimally ensures that a fluid-tight seal is maintained between the first tubular member
4505 and the second tubular member 4510 throughc;ut and upon the completion of the

radial expansion process.

206




10

15

20

25

30

25791.23.12 P74968GB0S

Referring to FIG. 29, an expandable threaded connection 4700 will now be
described. The expandable threaded connection 4700 includes a first tubular member
4705, a second tubular member 4710, a threaded connection 4715, an O-ring groove
4720, a first O-ring 4725, and a second O-ring 4730. '

The first tubular member 4705 includes an inside wall 4735 and an outside wall
4740. The first tubular member 4705 preferably comprises an annular member having
a substantially constant wal thickness.  The second tubular member 4710 includes
an inside wall 4745 and an outside wall 4750. The second tuibular member 4710
preferably comprises an annular member having a substantiallly constant wall
thickness.

The first and second tubular members, 4705 and 4710, may comprise any
number of conventional commercially available members. The inside and outside
diameters of the first and second tubular members, 4705 and 4710, are substantially
equal. In this manner, the burst strength of the tubular members, 4705 and 4710, are
substantially equal. This minimizes the possibility of a catastrophic failure during the
radial expansion process.

The threaded connection 4715 may comprise any number of conventional
threaded connections suitable for use with tubular members. The threaded connection
4715 comprises a pin-and-box threaded connection. In this manner, the assembly of
the first tubular member 4705 to the second tubular member 4710 is optimized.

The O-ring groove 4720 is preferably provided in th§ threaded portion of the
interior wall 4745 of the second tubular member 4710 imme;iiate]y adjacent to an end
portion of the threaded connection 4715. In this manner, the@ sealing effect provided by
the O-rings, 4725 and 4730, is optimized. The O-ring groove 4720 is preferably
adapted to receive and support a plurality of O-rings. The volumetric size of the O-
ring groove 4720 is preferably selected to permit the O-ringé, 4725 and 4730, to
expand at least approximately 20% in the axial direction duﬁng the radial expansion
process. In this manner, deformation of the outer surface 4750 of the second tubular
member 4710 during and upon the completion of the radial éxpansion process is
minimized.

The O-rings, 4725 and 4730, are supported by the O-ring groove 4720. The
pair of O-rings, 4725 and 4730, optimally ensure that a fluid-tight seal is maintained
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between the first tubular member 4705 and the secorfd tubular member 4710
throughout and upon the completion of the radial expar.sion process. In particular, the
use of a pair of adjacent O-rings provides redundanc§ in the seal between the first
tubular member 4705 and the second tubular membet 4710.

Referring to FIG. 30, an expandable threaded connection 4900 will now be
described. The expandable threaded connection 4900‘;) includes a first tubular member
4905, a second tubular member 4910, a threaded coni‘xection 4915, a first O-ring
groove 4920, a second O-ring grove 4925, a first O-ting 4930, and a second O-ring
4935. :

The first tubular member 4905 includes an inside wall 4940 and an outside wall
4945. The first tubular member 4905 preferably conjlprises an annular member having
a substantially constant wall thickness.  The secorld tubular member 4910 includes
an inside wall 4950 and an outside wall 4955. The sécond tubular member 4910
preferably comprises an annular member having a substantiél]y constant wall
thickness. :

The first and second tubular members, 4905 and 4910, may comprise any
number of conventional commercially available tubuflar members. The inside and
outside diameters of the first and second tubular mer"nbers, 4905 and 4910, are
substantially equal. In this manner, the burst strengti'i of the tubular members, 4905
and 4910, are substantially equal. This minimizes t}{e possibility of a catastrophic
failure during the radial expansion process. ‘

The threaded connection 4915 may comprise any number of conventional
threaded connections suitable for use with tubular members. The threaded connection
4915 comprises a pin-and-box threaded connection. " In this manner, the assembly of
the first tubular member 4905 to the second tubular member 4910 is optimized.

The first O-ring groove 4920 is preferably pré)vided in the threaded portion of
the interior wall 4950 of the second tubular member'4910 that is separated from an end
portion of the threaded connection 4915. In this maﬁncr, the sealing effect provided by
the O-rings, 4930 and 4935, is optimized. The first O-ring groove 4920 is preferably
adapted to receive and support one more O-rings. The volumetric size of the first O-
ring groove 4920 is preferably selected to permt the O-ring 4930 to expand at least

approximately 20% in the axial direction during the radial expansion process. In this
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manner, deformation of the outer surface 4955 of the second tubular member 4910
during and upon the completion f the radial expansion process is minimized.

The second O-ring groove 4925 is preferably provided in the threaded portion
of the interior wall 4950 of the second tubular member 4910 that is immediately
adjacent to an end portion of the threaded connection 4915. In this manner, the sealing
effect provided by the O-rings, 4930 and 4935, is optimized. The second O-ring
groove 4925 is preferably adapted to receive and support one more O-rings. The
volumetric size of the second O-ring groove 4925 is preferably selected to permit the
O-ring 4935 to expand at least approximately 20% in the axial direction during the
radial expansion process. In this manner, deformation of the outer surface 4955 of the
second tubular member 4910 during and upon the completion of the radial expansion
process is minimized.

The O-rings, 4930 and 4935, are supported by the O-ting grooves, 4920 and
4925. The use of a pair of O-rings, 4930 and 4935, that are axially separated optimally
ensures that a fluid-tight seal is maintained between the first tubular member 4905 and
the second tubular member 4910 throughout and upon the cdmpletion of the radial
expansion process. In particular, the use of a pair of O-rings provides redundancy in
the seal between the first tubular member 4905 and the secofld tubular member 4910.

The expandable threaded connections 4300, 4500, 4700, and/or 4900 are used
in combination with one or more of the arrangements illustréted in FIGS. 1-24E in
order to optimally expand a plurality of tubular members coﬁpled end to end using the
expandable threaded connections 4300, 4500, 4700 and/or 4900.

Although illustrative embodiments of the invention have been shown and
described, a wide range of modification, changes and substitution is contemplated in
the foregoing disclosure. In some instances, some features of the present invention

may be employed without a corresponding use of the other features.
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The f llowing Registered Trade Marks are referrst d to in the specification

Super Seal I
Teflon
Lubriplate
EZ Drill
Halliburton
Cameron
Breda

Petroline

Conversion to metric units of imperial units used Fhroughout the specification:

0.75 to 47 inches and 1.05 to 48 inches (0,02 to 1,19 fmetres and 0,03 to 1,22 metres)

3 to 15.5 inches and 3.5 to 16 inches (0,08 to 0,40 m!etres and 0,09 to 0,41 metres)

40 to 20,000 feet (12,19 to 6.096,00 metres) .

0 to 3,000 gallons/minute and 0 to 9,000 psi (b to 189,24 litres/sec. and O to
6.327.900,00 Kg/m?) '

1,000 to 1,000,000 Tbf (4.448,00 Newtons to 4.448.000,00 Newtons)

0 to 5000 psi and 0 to 1,500 gallons/min (0 to 3.515.500,00 Kg/m® and 0 to 94,62
litres/sec.) |

400 to 10,000 psi and 30 to 4,000 gallons/min (281.240,00 to 7.031.000,00 Kg/m* and
1,89 to 252,32 litres/sec.)

500 to 9,000 psi and 40 to 3,000 gallons/min (351.550,00 to 2.109.300,00 Kg/m2 and
2,52 to 189,24 litres/sec.) |

500 to 9,000 psi (351.550,00 to 2.109.300,00 Kg/mﬁ -

0to 5 ft/sec (0 to 91,45 metre/minute)

0 to 2 fi/sec (0 to 36,58 metre/minute)

50 to 20,000 psi (35.155,00 to 14.062.000,00 Kg/m?) --.

400 to 10,000 psi (281.240,00 to 7.031.000,00 Kg/m?) --.

5 ft (1,52 metres)

1.05 to 48 inches and 1/8 to 2 inches (0,03 to 1,22 metres and 0,003 to 0,05 metres)

210




10

15

20

25

30

25791.23.12 P74968GBOS

3.5 to 16 inches and 3/8 to 1.5 inches (0,09 to 0,41 metres and 0,01 to 0,04 metres)

2.5 to 50 inches and 1/16 to 1.5 inches (0,06 to 1,27 metres and 0,002 to 0,04 metres)
3.5 to 19 inches and 1/8 to 1.25 inches (0,09 to 0,48 metres and 0,003 to 0,032 metres)
2.5 to 50 inches and 1/16 to 1.25 inches (0,06 to 1,27 metres and 0,002 to 0,032
metres) i

35 to 19 inches and 1/8 to 1.25 inches (0,09 to 0,48 metres and 0,003 to 0,032 metres)
40 to 20,000 ft (12,19 metres to 6.096,00 metres)

40 to 3,000 gallons/minute and 500 to 9,000 psi (2,52 to 189,24 litres/sec. and
351.550,00 to 6.327.900,00 Kg/m?)

0 to 500 gallons/minute and 0 to 1,000 psi (0 to 31,54 litres/sec. and 0 to 703.100,00
Kg/m?) |

40,000 to 135,000 psi (28.124.000,00 to 94.918.500,00 Kg/m?)

1/16 to 1.5 inches (0,002 to 0,0381 metres)

1/8 to 1.25 inches (0,003 to 0,032 metres)

1.05 to 48 inches (0,03 to 1,22 metres)

3.5 to 19 inches (0,09 to 0,48 metres)

2 to S feet (0,61 to 1,52 metres)

0 to 9,000 psi (0 to 6.327.900,00 Kg/m?)

0.125 to 3 inches (0,003 to 0,0762 metres)

0.25 to 0.75 inches (0,00635 to 0,1905 metres)

1 to 47 inches (0,0254 to 1,1938 metres)

0 t0 9,000 psi and 0 to 3,000 gallons/minute (0 to 6.327.906,00 Kg/m?and 0 to 189,24
litres/sec.) :

0 to 5,000 psi and 0 to 1,500 gallons/minute (0 to 3.515.560,00 Kg/m? and 0 to 94,62
litres/sec.) |

1,200 to 8,500 psi (843.720,00 to 5.976.350,00 Kg/m’)

40 1o 1,250 gallons/min (2,52 to 78,85 litres/sec.)

0 to 5,000 psi and 0 to 1,500 gallons/min (0 to 3.515.500,00 Kg/m® and 0 to 94,62
litres/sec.)

1200 to 8500 psi and 40 to 1,500 gallons/min (843.720,00 to 5.976.350,00 Kg/m’ and
2,52 to 141.930,00 litres/sec.)

1200 to 8500 psi (843.720,00 to 5.976.350,00 Kg/m?)
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500 to 10,000 psi (351.550,00 to 7.031.000,00 Kg/m:k)

3/8 to 1 ¥ inches and 3 '2 to 16 inches (0,009525 to 0,0381 metres and 0,0889 to
0,4064 metres) :

0.625 to 0.75 inches and 3 to 19 inches (0,015875 to 0,01905 metres and 0,0762 to
0,4826 metres)

5,000 to 20,000 psi (3.515.500 to 14.062.000,00 Kg/m?)

0.125 to 1.5 inches (0,003 to 0,038 metres) ;

0.25 to 1.0 inches (0,00635 to 0,0254 metres)

120 to 2400 inches (3,048 to 60,96 metres)

240 to 480 inches (6,096 to 12,192 metres)

0.05 to 0.75 inches (0,00127 to 0,01905 metres)

0.1 to 0.5 inches (0,00254 to 0,0127 metres)

0 to 750,000 1bf (0 to 103.725,00 Newtons)

0 to SO0 gallons/minute and 0 to 9,000 psi (0 to 31 ,54 litres/sec. and 0 to 6.327.900,00
Kg/m’)

0 to 5,000 psi (0 to 3.515.500,00 Kg/m?)

0 to 9,000 psi and O to 500 gallons/minute (0 to 6.327.900,00 Kg/m? and 0 to 31,54
litres/sec.) |

500 to 5,000 psi and 0 to 500 gallons/minute (351.550,00 to 3.515.500 Kg/m’ and O to
31,54 litres/sec.)

0.0025 to 0.05 inches (0,0000635 to 0,00127 metres)

0.005 to 0.01 inches (0,00127 to 0,000254 metres)

0.025 to 0.375 inches (0,000635 to 0,009525 metres)

0.025 to 0.125 inches (0,000635 to 0,0003175 metres)

2 to 34 inches (0,0508 to 0,8636 metres)

3 to 28 inches (0,0762 to 0,7112 metres)

0.15 to 1.5 inches (0,00381 to 0,0381 metres)

0 to 4,500 psi and 0 to 3,000 gallons/minute (0 to 3.163.950,00 Kg/m2 and 0 to 189,24
litres/sec)

0 to 4,500 psi and O to 4,500 gallons/minute (0 to 3.163.950,00 Kg/m® and 0 to 283,86

litres/sec)
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0 to 3,500 psi and 0 to 1,200 gallons/minute (0 to 2.460.850,00 l(g/rn2 and 0 to 75,696
litres/sec)

100 to 1,000 psi (70.310,00 to 703.100,00 Kg/m?)

0 to 500 psi (0 to 351.550,00 Kg/m’)

10 to 45 ft (3,048 metres to 13,716 metres)

0.005 to 0.125 inches (0,000127 to 0,0003175 metres)

500 to 40,000 psi (351.550,00 to 28.124.000,00 Kg/m?)

0 to 9,000 psi and O to 5,000 gallons/minute (0 to 6.327.900,00 Kg/m2 and 0 to
79.264,426 litres/sec.)

10 to 45 ft (3,048 metres to 13,716 metres)

0 to 10,000 psi and O to 3,000 éé'l'lons/minute (0 to 7.031.000,00 Kg/m’* and 0 to
189,24 litres/sec.)

0 to 12,000 psi and 0 to 3,500 gallons/minute (0 to 8.437.200.00 Kg/m® and 0 to
220,78 litres/sec) |

0 to 12,000 psi and O to 10,000 gallons/minute 0 to 8.437.200,00 Kg/m2 and 0 to
630,80 litres/sec)

0 to 5,000 psi and 40 to 3,000 gallons/minute (0 to 3.515.500,00 Kg/mz and 2,5232 to
189,24 litres/sec)

1,000 to 9,000 psi (703.100,00 to 6.327.900,00 Kg/m?)

3 to 15.5 inches (0,0762 to 0,3937 metres)

3.5 to 16 inches (0,0889 to 0,4064 metres)

0 to 9,000 psi (0 to 6.327.900,00 Kg/m®)

0 to 3,000 gallons/minute (0 to 189,24 litres/sec.)
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CLAIMS:

1. A seal mechanism for a radially expandable connection assembly comprising:

a pin member; |

a box member adapted to telescopically receive the pin member to form an
overlapping annular area between the pin and box mémbers;

an annular groove carried by one of the pin mEmber or the box member within
the overlapping area, the groove defining an annular volume within the overlapping
arca;. and

an annular, deformable seal component carried in the annular groove, the
deformable seal component occupying less than all oif the annular volume of the
groove before a radial expansion of the connection and occupying a greater percentage
of the annular volume following the radial expansion of the connection assembly to

form a seal in the overlapping area.

2. The seal mechanism as defined in claim 1 wherein the seal component expands
‘ i
at least about 20 percent in the axial direction within the annular area during the radial

expansion.

3. The seal mechanism of claim 1, wherein the radial expansion of the connection
comprises installing the pin member in a borehole, injecting a fluidic material in the
borehole, and radially expanding and plastically djleforming the pin member in the

borehole by extruding the pin member off of a2 mandrel.

4, The seal mechanism of claim 1, wherein the radial expansion of the connection
comprises installing the box member in a borehole, injecting a fluidic material in the
borehole, and radially expanding and plastically deforming the box member in the

borehole by extruding the box member off of a mandrel.

S. The seal mechanism of claim 1, wherein the deformable seal component

comprises two o-rings, the o-rings disposed within the annular groove.
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6. The seal mechanism of claim 1, wherein the deformable seal component
comprises a first and a second o-ring, the first o-ring disposed within the annular
groove, and the second o-ring disposed within a second groove formed in the pin
member or the box member, wherein the annular groove is ax;ially separated from the

second groove.

7. The seal mechanism of claim 1, wherein radial expansion of the connection
further comprises placing an expansion apparatus within at least one of the pin and box
members, the expansion apparatus comprising a support member, a mandrel, and a

shoe.

8. The seal mechanism of claim 7, wherein the mandrel comprises an expandable

mandrel.
9. The seal mechanism of claim 7, wherein the mandrel is drillable.

10.  The seal mechanism of claim 7, wherein the shoe comprises an interior portion,

wherein the interior portion of the shoe is drillable.
11.  The seal mechanism of claim 7, further comprising lubricating at least one of an
outer surface of the mandrel, an inner surface of the pin member, and an inner surface

of the box member.

12.  The seal mechanism of claim 1, further comprising placing an annular body of

a curable fluidic sealing material between the pin member and a borehole.

13.  The seal mechanism of claim 1, further comprising placing an annular body of

a curable fluidic sealihg material between the box member and a borehole.

14.  The seal mechanism of claim 1, wherein the deformable seal component

comprises a material selected from the group consisting of rubber, plastic, metal and
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epoxy.

15.  The seal mechanism of claim 1, wherein the pin member comprises a first inner
diameter, and the box member comprises a second inner diameter, wherein the first

inner diameter is substantially equal to the second inner diameter.

16.  The seal mechanism of claim 1, wherein the pin member comprises at least one

thin wall section and a thick wall section.

17.  The seal mechanism of claim 1, wherein the box member comprises at least one

thin wall section and a thick wall section.

18.  The seal mechanism of claim 1, wherein the radial expansion of the connection
comprises placing a mandrel within the pin member, pressurizing an annular region

within the pin member, and displacing the mandrel Wwith respect to the pin member.

19.  The seal mechanism of claim 18, wherein the mandrel comprises a conical

surface having an angle of attack ranging from aboﬁt 10 to 30 degrees.

20.  The seal mechanism of claim 1, wherein the radial expansion of the connection
comprises placing a mandrel within the box member, pressurizing an annular region

within the box member, and displacing the mandrel with respect to the box member.

21.  The seal mechanism of claim 20, wherein the mandrel comprises a conical

surface having an angle of attack ranging from abodt 10 to 30 degrees.

22.  The seal mechanism of claim |, further comprising placing the pin and box
members in a borehole, wherein the borehole éompn'ses a substantially constant

internal diameter.

23. The seal mechanism of claim 1, wherein the pin and box members comprise a

pin and box connection, wherein the pin and box cannection is expandable.
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24.  The seal mechanism of claim 23, wherein the deformable seal component is

positioned within the pin and box connection within the annular area.

25.  The seal mechanism of claim 23, wherein the pin and box connection further

comprises one or more male threads for engaging one or more female threads.

26.  The seal mechanism of claim 23, wherein the pin and box connection comprises
one or more male threads for engaging one or more female threads; and wherein the

annular groove is disposed between the male threads.
27.  The seal mechanism of claim 23, wherein the pin and box connection further
comprises one or more male threads for engaging one or more female threads; and

wherein the annular groove is disposed between the female threads.

28.  The seal mechanism of claim 18, further comprising lubricating at least one of

an outer surface of the mandrel and an inner surface of the pin member.

29.  The seal mechanism of claim 20, further comprising lubricating at least one of

an outer surface of the mandrel and an inner surface of the box member.
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